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Abstract of JP2003165799 

PROBLEM TO BE SOLVED: To eliminate the defect of 
dislocation which rises like mist from the central part of the 
pit of a facet surface and causes a radial surface defect in a 
facet growth method for growing gallium nitride while forming 
and maintaining the facet, and also to eliminate the defect in 
which the positions causing the pits are not identified and 
thus a device to be laid on a substrate is not designed. 
SOLUTION: GaN is raised through facet growth method 
regularly forming seed patterns on a base plate and then 



forming and holding the pit composed of the facet thereon. 
Closedly assembled regions H for defects is formed at the 
bottom of the pit composed of the facet surface, and 
dislocations are assembled into the region H and a region Z 
accompanying low dislocations for single crystal and an extra 
region Y for low dislocations of the single crystal around the 
region H are subjected to low dislocation. The closedly 
assembled region H for defects is closed, so that the 
dislocations are confined and are not re- released. 
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[ M£3 1 1 mcJJ 'J ? ASKC& r> X . £tt&lffi(C 
£ fi^£^ig B B B &#K i 0 ES1$ix&35 fcfc«| 
Biff L -e^Ht^fiS^ii^^fifiHBfiililfl^^Z 

afc-r^JMSftfi^byy -7ask. 
c 2 ] mtti y ^ askt-& -> x , mmmmiz 
ts^x. mmffizmmLxwxsh&WL^xt&nm&Lfc 

mx'h&mmxtm-smmHt. ttuzmwimmizm 

izi -o xffi&Zti& z t Sr»at-r* #«gftfi^biT y ^ 
ASK. 

[»*3S3] mmxmm^mmH^^at^xti 

-rss*ja i *^rti 3 izmmowife&mittfv ^as 
K. 

[IM»H5] mMXMJtefitHHfcL MBnW6M& 

teeasaflHRWz s m^dKtefi^i^Y koooi> 

*l6l^^-gt^-^*^ M^fea^Sr^-S. KEJil 
±<^BlS*>i?>^S*$#Mi:-tSft^^ 1 ~3(7HvT 

*u6>fc:iB«<a*iSfisifl«ry ^ask. 
&{mrm®z&£T/m££kim&&MmYti3.. auk 

Jj&ft. <000 1>^W180' IftL, ®ts 
1 £ fc« 2 iZim<7)M£$££mfctf v v ask. 

< o o o i >jjfttf 18 0° mm L . fiitttfgtlgL 

#y>ASK. 

[f»*^8] mmxmm-^mmu^ mw^^M 
mm&ftimz t imwxmtz x -oxftwbtifz-mv. 
±.<n&£m.frt>% %>z-t mt -t s m?m 1 ~ 3 <nw 
•m*»(ciE«^*isaa^bir y *? ask. 

CfiUnmSWZ fc «as#fcfi&tf«fc£tte J: o TffcflJ Mi 



~ 3 v ^*HcfEmco#ife B B B M-f^ 0 «7ASK. 

[is$jb 1 0 ] mrnxmrn^mmm^ mwnw&ik 
imimwm.mzbimm^mzi'oxitm^ti. mm 
&3m&im®mrmmz t n-^ms^nm: i>^mm 
&M®x'&&ztzftmt-t2>m?mitfcii2< t zim 

m&imftm&z bimvtxm?>m&fttz£ -?xttwt> 

i>^im&m®x'b& z t zmkt-t&mxm 1 tw± 

imemi 2] mmxvm-&m&mi. mmmma 

iz^ a xm^ts^ B mmxhhz t ^mt^-^ms 
m 1 tfziz 2 iziffinmtifi&iktfv ^ask. 
im&mi 3 ] mrnxmrn-smmm^ mmo&mik 
m&imimmz t amm^mm-^izi ->x&®t> 
ti. fomzte&xv&Z'ttsMikmmx'&z z t zmit 
-t&m?m 1 4*:ti 2 tzsemcomtii&mttf u ^as 

K. 

[it*js 1 4 ] mmxmm^mmH^ mm<wm& 
imimftmmz. m.m^m&.^mm^i , B -nmz 
MLmMzmmLKteikK{iL$:tt& 1 mi^com^m. 
frhtchz t ^mb^&mim. 1 *fc«2 tciEtto* 
eflfiMbyj^AatK. 

[ if 1 5 ] PWMXfi&S-^fiiSH n^.i^ B B B x 
F(S« . ^tt^PSft -S. v ^(iM«XFlSTfc i> i b *mWib ~t 
SIS*Jai, 2. 12. 1 3c7)Mix*H;IB«c7)#|S^g 

-fbiry^ASK. 

[ it*« 1 6 ] mmxvm^m® h 1 ^ m ~ 
2 0 o/imtjnt. sK^stcij v ^x&mzmmftifi 
lx v c: b zmmb -r&mim. 2 izim^mmikmt 

tf'j^SK. 

c if m 1 7 3 mM^pg^-^i^ h 2 0 /x m 

[ if im 1 8 ] mmmz&x^x „ KMXPism^®« 
H<7)^K*^^-e^-i>ct^#®fc-ri.if^)ai 64 
fc« 1 7(cieeom^ B 3 B g-ft:^u ->ask. 

[ if 1 9 ] SK^HtiJi ^X . ffl^XPHm^i* 

H^mmimmx'h^ z b ^mkb-r^m^ i6tfz 
n 1 7 ££ita$lg A&fb? y ask. 

1 if 2 0 ] mwimmiz&K ^x . mmxmm&M® 
H^mm^nmx^^zb^mmbi-^m^mi 6* 
fctt 1 7«cEa<7)j|iisa»b!ry ^ask. 

C it*« 2 1 ] 4IIS AfiG^^6l« Y« i JWS Ai£ 

K^ffWttjzttittiT^ajBRffiafaE^s x 1 0 

2 ci2a&9m*£ B B B ^fL# y ask. 
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t wmm 2 2 ] wuMs&wmmti ziza^x.m 

UmBUfiKK . 3xl0 7 cm-2 J^TT'^* £ i: Sr«f 

tstt -r&s&m i * fc« 2 tism^^B^-fb*' i> * a 

-r* Brass i 2 (^£tto#igAa-(bif <j ^ a* 

[f§*3g2 4] (ooo i ) mx-fozztzm 
®t -t hn *js i & Kit 2 izsmnimikmiktf v *? a 

3^(0001 ) WCS> 0 . m«0tfB&^SttH*>*$£ii! 

36M000-1) mTb&ztztmt-t&smmi , 

M^rO. ^®Tfc^^i:^!^t-r-&lg^3Sl. 2. 

immm2 7 ] mmxmt-itm&HWri-nmmiztt 

&oT^4£fc£^fc-*-*lt*JB2 5*fcU:2 6fclE 
[ SftftB 2 8 ] JtftHMBKflmMfU Z fcBv vt % * 

i *^r«i2 tiem^^^a-ft:^ y ^aii. 

imntfcWjfaizmmzwvx^&z t zmiLb-tz. 
mm i *fci42 K8SBW)JMSiia4by y ?Aa«L 
[»^3o] a«ejiirt»fc*ivvc, mRXKJfcg- 

[ti^3 1 ] mmnujLiz £->xmm* (oood 
mb b *&mb-$-z,mmi2 iizimvum&m 

[19^3 2 ] wxommxMM&mmH b *nzm 

L<mmmizmmzttz t zm&b -r&mcm 2 iz 
mwmas&fcx y a« «. 

h 6 m*t$M4 £ to6 EW^se?^?- >oiee:£i jf^o 



2 (c3Ett<o y •> aisk. 

hi** 3 4 ] 4>'t^^(XF(im^^H t ztizm 

ts^m^mmmmmz b *ft*iatr#&jM£eti^ 

a^M^m^y^x-mmmizit^j^i oab*^ 

&W*?—><r>jE^.n&<nm(nljiinW. < 1 - 1 o o> 

j}OX'*>&&*mib-?$>m?m3 3tzB»<f>$msM 
tsm&s&Mmmmmz b zti£mt$<2.&£> B mz{±L£ 

L < «S*iB tES$ tz*>tz 0 . m^^Pfim-^^ 

mn'*?—><oiEEft&com<7)ijfai)K < 1 1 - 2 o> 

?-ycD&mftB<vm&izmmxmMiirm®Htf£$c? 
&*oiz. &*wm£mfc$mizm,wz itfz z b 
mb-r &mxm3 2 tzsmom&fkmttjfv ^ah. 
imzm3 7 ] mmxmk&®miiw&i>®\^vi- 

^^coao^-i*]*^ < 1 - 1 0 0 >^r<aT'fc^.*s:#^ 

ft*<D^nfiI*«. < 1 - 1 0 0 >^fiT'*S*^#mi:-r 

^.it^^3 eizfmnm&ikmiktfviyAmwL. 

Lfrt>%& 2mftfc&zi>^2@mm?p^->cr>g : 
-hm* *mwcommzmmmmim&m^m-& 
£ot,z. m^fflsmzmLmffiizmMZttzb zmm 
b -tzmms. 2 (ciB^^^g-ft:^' y 
[iw?]S4 0 ] mrnxmrnsm® mmtm^ y f. 

B<nmm&wim&<7)imnmv>ijfai>K < 1 - 1 0 0 
>if^xh &mzmkb-t&m%m3 9 (ceas<^tsA 
M-ft^y^A^, 

x'mwmz&j&jft-it r )-mMm&u^~y<7)^ 
BnmmwmB<?>mttftm.coij[i>]j)K < 1 1 - 2 0 

>1jGLTh %W ZW®Lb-thm$.T%3 9 (cGftn|t|&A 

M^bjry^As^. 
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J3fL# 5 0 ul m- 2 0 0 0 jul mX'h t Z k k ~T & 

mims 2-4 1 <^ft*»(ciBBW)*igfiaMb!f y ^x. 
&ux cwmtzmtxts *) , *«M^rta5Sr«atT 

Sox-?) & rasxPi5m-£iH*£ h t „ mmxvmsmmH 
t. mm&tsMmmmtiiz<mmiz^tEL^tm^ 

y , Jii4SA<ig£ffin# mz frt>m/x # 

-fby y *24§A£jfcK$-££M-fb4ry •> assa^s^ 

msxh s mrnxmrn-^mmn t , mmx^m^mmu 
nnmtzmptb msikx'hzmiiki&mimftmmz 

zwsmatzrzi* &&&%mKkmmxmmi!fimuft 

s^»mhhmtwm-^z\ kizx^xMm^imim 
fm&zkMm^nimmsmm^mmmtr&mi: 
wkk^mimA 5xa4 6iz§m<7)mn£ym<ttfv 



mmmmmmz k ^nmzh^^^mmimm 
®Yizm-ij<iLomiifkX'$>?>z k ztmk -thwmm 
4 5-4 7<mixMzmm<vmigkm<t#»*7J*mfcco 

[if*JS4 9 ] m&ikim&Mmmz t *<mmz 

ja±«*SAti#»&2:s ^ ^^Sfc-rsfi*^4 5-4 
7 ^*i^t=iett<^eftsfbir y *rj*mmti&jj 

i mim 5 o ] m&a<E^fii^ftiigz t *<ntm\z 

W^Mfim-^fS^H^S s li^MfsffitefiBfiff^z^ 

m^ate^fi^SJiY t < o o o i >Mc7)^— t-e<?) 
tthzk*mtk-thtem4 5-4 7<ow*uw=e 

[ a^JS 5 1 3 #JS H B a <SlKl2l5aff«^Z t z<wmiz 

&&m&&m&&^mYim-'jffa<Dmm&Tb k> . 
mrnxmrnnrwrnHiz. mz&i&mimrmmz^mm 
&m£®.&ffimY kiz< oooi >^-i*io^^ i8o* 

-r-&fi^4 5-4 7ofsrix*H=ietfecomM B 3 B M-fi:^y 

[ft «51 5 2 ] W&SkffifilBLtHmz k zwimz 

h&mt&ikim&^MYim~i}ft(r><mikX'h o . 

AffilKfir^^Y 1 1±< 0 0 0 1 >^[&I* 5 18 0" im 
L. ®£**SteLT^^HitLhiOM H 3 B ^^=3:-l. l lt 

zwekk-thmimA 5-4 7<o«*i*»(ciett<oj)iiSiii 

[ m?m 5 3 ] mziwmfflmwmz t *<wi-mz 
&&m&&im{zimMYim~*m<v<m£'nX$> k> , 

BM»JB«-&«WHOS:stt 1 ffilXh^ B B B e*^^r 
0 , ;t5S ?r^H-r ^iS B B B ^K{4ffi^P(|Tj> S £ t * 
#Mi:-rSli^4 5-4 7^M^*H=ISmo#^ B B B M 

[ if^JS 5 4 ] ^ B B B ffiiseisfiff ««z t; -e^^hgptc 
^^^Hiffi^^^Yjiipi-^rii^m^-c-S) k> , 

KMXPi*-&mftgHO^ S (4 1 flJSUi^fiti**^* 
0. SSSraHt--Sig B B B m^K{4i^^:Pfico»-^*TJ> 
-&itS:#mi:-ri>lt*«4 5-4 7<^i|<iA»t:iStt<0 

i msm 5 5 ] mig B B B ffiiK©isiff«^z t %<wvgtoz 
h&m&&fflfcmmmim-*ik<7)m&&x'2> 9 . 

RHKRftMWH s «#MBlfilE(aBI#^^z ^> 
WfiJMHEftMM Y k m-c?)1&&-%®.* & o#^ H B B T 
£> 0 . S Srfiffl-f 5 ISA»#K (iM^XPaT'fe Sit 
^Mtt^i*J|4 5-4 7^Mil*^ie^miS B 3 B 
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mas y vj±wmm:-ym. 
c mim. 5 6 1 ma&m.mm®mz t *<mmz 

«rfafct-*ll*«4 5-4 7<0MiX^tie®O#ig B B B ^ 

*byy ^^w&<D^mm. 

•SCi: ^J|fmi:-r^f«^l4 5~4 7<7)MtoW::ffi®cD 

[»*« 5 9 1 m^^^flMg^z k *<m&iz 

Wr^flte to l fflJSLtO*SJI^*»^& £ fc Sr^iSfc 
-r^it*Jg4 5~4 7<^M^*H=IE»?>4ilSJiaMt^ , -U 

[SH&B6 0 ] fflaS£fiH&£fg«H*>SS £&?tthA 

fc i-*»*JH 5 7 £ fctt 5 8 t^fEIBallttftS'ft: 

[«#3I6 1] «^BKS«gfi3S^^Yt5j:i/#saj|ffi 

^T*4£fc*Wafc*-4it^4 5~4 7<0M*i*» 

[IS^«6 2 ] 7rt7b iB*»4>«r« tr -y h*^^ 

«W«B4 4 2 Aft «& 4 v ^UHifOM 

cons: s 2 aafc<oa»+zft ire* * £ t ^ wat -rs 
imtm 6 4] e -y h *»jaw-* 7r*7 hs^Htg 

t* J (kk-2kn) ffifcil/ (k-kOn(I(k, 

int#m 6 5] t -y h zmm-h ?t*v hmnrnm 
90? { 1 1 - 2 2 } ifife«ttf {i-ioi> wc&*£ 
t $r^k-ri»ii*JS6 4 effig*?>j&gA&ft# y 



[W*3S6 6] 7r-b7hHA l ^t7M(ui< 
KS^(Sm-&<S^H{itf-/ b&&fct& 7 r-fe-y hffii: 

■tm3<m4 5-4 7cDMil*Hcie^<0#^ H B H M<bef'J 

[ff*JS6 7] 7r^-/MK^t7 
W0XPi5*-^««{H{ih"-y h^^-T^ 7 r-fe-y hffik 

Lx&im-zzib*iimb-thnw%4 5-4 7^^ 

[fl*3S6 8] 7rt7Mj!i>^t <y hJSldSK 
B B B ffilg^«lSY tiKOOOl >;fr|6jO.*# 18 0* 

4 5~4 7<0M^Hcf£m^^ B 3 B S-fb^'U *7Ag*£<7) 
[It^6 9] yT-tvhmfr^&VvhfelzMK 

mmxmm^mmHu. mm^f&mms.immz^m.m 

£kmK®.&imY b li< o 0 0 1 >;frfa<7)^# 18 0* 

V^BWffiT* . -e-^ffi^ftte. {11-2-4} . 
{11-2-5}. {11-2-6}. {1-10- 
2}. {1-10-3}. { 1-1 0-4} ^=5r£.r 
kSr#Mk-r^fi*^4 5-4 7c7)Mix*Hcietfe^#fe 

[It^7 0] 7rt7MfrfeWe7 hJSt=K< 
ffli£KP6*-&^H<7)ii#Ji. h- -y h iJgjRi- h ~7 r -fe 
•y hffi J; 9ft&*vjN§ v^H^<ao^mTS)4 £ fc 

®t^i8^6 7^iB«c7>mM B 3 B M-(b^y 
[ii*^7i] 7T^ymfr^hV",vm<z.Wi< 

&1&£fit£m.mY tIKOOOl yjifoCDfrtf l 8 o • 

y r fe >•/ hffit -e^cfc o«*e*^«« v>Hfc«ww 

[lt*JS7 2] 7r*7M*»^^e7«:l< 
K^PB*-^M^H^' 1 0 O^miOil^im 

L^^jRft-r 4£k zm&b??>mmi4 iizimo 

[|f^Jg7 4] 7r-kyhn*6fr&e<9'h£<QR< 
HMXFUm-^^ H cO«t»r® cO^^^^T* 4 £ b 
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CvMctttvc, 77*7 MfcottfljfcRfcfcfcC Ik 

iw^xtttftc t izz vmmmiLzmmt&mzmk 
b-t^m^ms i (c»^jiu&&B^y *AaHK*>j£ 

^mnmmiz. MmjELKmnzitxii&ikf&mzit&z 

[H*3B8 0 ] 77*7 hW<7>m£frt>%:*)*£;f&l$ 

izmmxsm^mmH^i-^^h^mmm. 
g&Tcr>mmz . mmiE v < se^u c a*: o . 6 ®*r 

[ft^3S8 1 ] 7 7 * y b Wn8&fr 

izmmx?msm.®H £w-r & t y b *mm+ m&ss. 
gmwmmiz. MmjELK&mmt&izmtz*) . 4 em 

lWS*TlSaifi*S*5i fc ^#1Si:-r?»ii*JS7 9 
[11*^8 2] 77*7 hffiOm^^^O^JKgP 
PWSIC. ME L<E3*J 2 EM 

[ff*«8 3J 77*7 hH^m^^^O^ffeJKgP 



Otf 7 MH«D&&iE8i#. 4"MSSBST'5 0^m-2 0 

o 0vmX'$>&mzm®t-r&m3m7 9&mm0W& 
tmnmmx<i®M$m®H(?)mmzt5^xte. mmxm 

JfeitHS^H L . 1 7 h 7 7 * 7 h iB«ctt 

<^Wi#ife B 3 a{gSKffi^#^Z^^L. R»t«y 
g&#C(i#*£Affl^&^&Y £ 

;mnmMxmMirfmH<DBm.t,zt5^xte. mmxm 
Mirf?mHz±t2itzmzTMmfr±.izm?. «£W 

ttt-y ^77*7 MBkJiSiJBR^jWrO J:0»v\« 

[ If 8 7 ] Bfjg^RK^t^ Lfc#*SJI 
LTT*fflR±tOa«-*i fc Sr^Sk-r^»lf*JS8 7 

sr. s^Psm-^^HcTjai: LxTim&±.izmmt 
h z b z &m b -?z>mxm8 8 tzsmosmiiatftff v 

Ca*JS9 0 3 Si o 2 jfMXtiS i 3 N 4 ^H^. 

mmxmm^mmucomb LxTtrnfiLtizsm-tz z 
b zmib-tmmi8 etzim^^mit^v vj* 

[|g*jS9 1 ] 77ft ( p t ) mm*, mmxmm 
^mmncomb LxTim®LUz%mt& z b zmmb 

[it*«9 2 ] fvrxy-y (w> mmz. mmxm 
m&mmHcomb LxTtmsLkGSMfr* z b 
b-$-&m$ir%8 6 izimnm&ikwfctf y vj&rvhsl 
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[ m$m 933 g a n insfis^ * , mrnxmrnam 

[ ti*3S 9 4] g a NMffiftffr?* . mmxtm-sm 
macomt Lxrmm±.izmmt?> z t zmkk-rz 
it*« 8 4 iz.wM(v<m$&{ktf y *7J»mfc<7)f&£k?j 
m. 

im&m9 5i g a Nm-commmfA^^m z , 

fc €r^i:-r^it^8 4 tlE«!c7)#*Sf B M-fl:^'J 

t fc^at-r&M *«9 5 ^leiicom^aa-fb^u 

[ffi*^9 7 3 TiffiaSLhfcGaNXf^^^a 
£fl*L* -C-^i^GaN^hcOMa*}^^^^^ 

?-^>^L*r?*?Jg^ K^PS*^«^H(7)ai: 
LTfilffl-t-fxI i: ^mt-r-g»fi*«9 5 (dEtt^JHIS 

9 8 3 g a n m-<vmmttm<7)&&ikm ^ 

i&H<7MkLxmmt-i>zk*msLk'r&msm9 siz 
mw&mmmmz. mrnxmrn^mmucomk ltt 

Lon;- >-£ffigLT. lA7-yi:ELO;N7-y 
Zmi-&Tim&cO±.izG a NfgAifiS^ff 3 i t 

«k -r ^s^s 7 tsato^iSHiiS^ y *?2*mtiL<7) 
mxmi o o 3 Twm®.t,zELOJ*?->£Wiw.L 

G a NJ^kOflBtt^J: 0* OJ5f3tO»Rfe^^- 

x y rztv/z&mtiato ^imi&wmms *mm l „ mm 
[iitRfli 1013 TmB&±.£mte# u -7A«r*sa« 



Z-t&Zklzk^X. flBfeWfc-t^KOitce-y hSrlfc 
[ ift&g 1 0 2 3 e y h$8£05fc*XO«l: LT, a7 

--v^ l tauutm ^t^&(mm^nf>Tvmm 

±tESL, a£^£>T«!^t;:^L#y ^Afcj&g 
S*4 CI fc«t oT , S^(c-e<oa<0±tC tf -y h 

i k £*WSi: 1 0 1 izimnmUgk 

msmi 033 e-y h^^^^a^ lt. 

< & i 5 ce» h £ fc fc^k f -Sif*« 

i o i izim&>m&&mk*fv ^j^mLeo^^m. 
iwumi 043 e-y h^o^foai: lt, 

-->7LtzS i 0 2 ^V>{i:S i 3 N 4 0^ B B a«^V^i: 

#^ B B B co^2:^Tiffi»K±t=ieat. a^^r-r-sT 
wmfcizmfctfov^fc^it&z ki,z£-?x . 

i o 2 * fcfct i o 3 tieiao#*g^-fb^ y *? A 

[»*^ 1 0 5 3 t--y h^±^^i6<oai: LT , tKK 
olzlfvh it &Zk*m®Lk 

-tzmim i o i izmncom&fi&fttfv ^ask^js 

[It^ 1 0 6 3 e -y M^<7)^:i6<oai: LTfiJffl-T 
OtfrPC* S i k Sr#1Si:-r^il*« 1 0 5 (c£ttO« 

[it^js 1073 Ti&mmizv b^t<7)^c7)a5 
a<7)^ b b b ^(cj;ot. e-y h&&m<mwi,zmiiEL 

< t°-y K$riE^J-r^ i o izLKZ k iWSik-t^m-m^ 

i o \izmm<nm&ikmktivv&mfc<vfcm>m. 
im^m 1083 iS B B B ^*t;fcv^Tm^Fii«-^JS 

H£«J*L3n&«4>JfcgL, ^XPiim^^Hk*IS B B H 
ffi«{iBi#^Zc7)li^H(:T-^ i»M B B B fi-^K k fflMX 

[If 1 0 9 3 tSAj£^1B(C7 T"fe >y 
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im&rnno] mmux-ttx. xyjximjL.m 

giJiDX . =7 «y f >-/tVCLV> d < b 1>— O Sr-iftf £ 
£ Sr^Sfc-rSlf^S 1 0 8 *fct± 1 0 9 tclSfjco^M 

[11*31111] TilHilKfc LT. G a N, tM 
SiC. Xb°^;K GaAs, S i <7Mtl&*nWft 

t^hzt^mmt^m^m4 nzmmcomufkg.ik 
iw*m 112] tsfij&Mstc7 r-t y vra^s- 

im&mi 1 3] mmmtz&^x. sm^sil 

#K iz J: •? ES'JSft&B! t^^-r^SK^Pi^-^ 
feM^fSY £ jfcft-T & -T t TM > :f y h £fm 

mittf y ; t JiM&? B ^fk# 

y^AS«<oise^. 

[»*JS1 1 4 ] SECfliBtefcivt. S^H^MML 
#K iz <k 0 EJ?'J$*tl> m t -S W^tXFigS-^ 

^^m^ffite{2Bi#^z t . ^afisgfiLBiff^ 

LT. ^±t=aflyyy>A*JS<jRSt-6ikK:J: 
0 . g&,fl^ffl$l£Pfiftl^Si£H<D±K<;L 77t-/h 

tf y h«|5HlH3j:tf*T*7 r-fe >y FBBjWBj£S*u # 

*saffiiKcasi#^z i^wm^aHSK^^^Y £j& 



[gf$B 115] W®XPim^«H^tt@7&5 5 v m 

y^A«K. 

[000 1] 

^**^^^» wfe^^'f sj— h ( l e d ) 

#flcp-if (LD) =fir4fHffe»MHlH t ^)a6Sfc LTfffl 
tHf8 B B «yW (GaN) 4Jj:tX#*S 

fumjfov^mm (GaN) <oj««^a, #^ B H B s^ 
^' u (GaN) c^M^^fcra-r & . 

[0002] g-fL^^f* (InGaN, GaN)£ 

m^ti?£rem*i$imLEDk Lxmzmmitztixm 
tfxz^cox\ Kb'nig&mmk Lxizmmco-ry 

T-f-V (a -A 1 2 0 3 ) *ifflV%^^,„ t^T'f^ 
H[Hl*tf^ffiC0±{CG a N-^ I n G a NcOMMi-^-T^X. 

i CiiSrfflV^G a N^OLE D t^n, — SBH 
ffltC^ TV if^r^^a^i^fpL^Ga I n 
N^WfeLED(i^fi®^'l 0 9 ~1 0i o cm 

[ooo3it7r'( irti^ja^T'A* l < mm 
X'$>z. i&miz&fcx'mwmiz tif^sst* § 

[0 0 04] L-h^ifi^yr^^m^^mm^z 

b^ozbxhz,. mmtf^bi- •yy°m&uzfflm 

#£-r-2>„ ^■yr^^^J\<D±i,z^JLf\y^xi l zX 

0 T £3&CD L E D L ft 4: -y 7°«(Cfl) 0 ttJ-T b 

z&t&mmzmmTZ*^. j^mzx^x^^-rmzm 

Br (^ isV-Zb^o) LWtiximhtc^. Kfrh* 

[0005] m&x-b&frznMzmmtizmtz b & 

^nSOGaN;i£fl=iS[U ^cOitCxe^fci -jT 

1 nGaN^LED^itSrf^O. ±3IgPO P - G a N 
jfJl^STJlO n - G a N IZ V S £ T'— SP^x -y f- 
yiy'^*LTnSgP^5r^MLCli'\nm© (#7- 
F) SrWt, So7tgp^-c7)±JIgPp-GaNtp«®^ 
#ttl> b^0 ffimzfr-oX V ^ . n - G a N(4*^ 0 J¥ 

b i>±miz%r)v(^#y7j y?£-®L%:tttili%: 

t>%\\ *e>ii^&x'xm#mjLwmmi>mz. 
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[00 0 6] Ztl^iLED^WLt LX<F>X$X'hh 

¥mm,-*r (ld> t~?z>%r&imffl&%\i^t> 

WGaNISl 0 9 cm- 2 ^OlfciK ^Pfitffc & . 
LE D^^i^tUilMt^feTKasp-CfKtt-* . 

*JW7 r -f ^mmitW^. I n G a NfBiaFF ?>S8ii: 
[0007] 

nammz^rtz g a NaHRjWjfc* 1 1 

B*»llk:J:->TJBlW SCt^T^&.fcdtC'SrS. G 
a NU niltCttllfSttt* 5 ^ 0 . nISi«II 

[0 0 08] L^LGaN^ 8 B H m^JnS&-r-i.t#^ 

[0009] zzTmm*M-&£k^<?>±.izimfiL£ : m 

WSWfc: t> 8 \ wtG a N £ j£Jt L t: fo b M&t 3 £ i: 
[0010] t^t< G a N fc fflftO J; 



UfflgfcSU^t-C&S. £h;U±'GaAs<0H[El*H5fc 
tt£*>o*:ffi (111) <7)iCGaNjciJ|6ldffl 
^-r^>«IttJ;oTCffi^i,c>J¥v%GaN2r#^„ M 

[00 11] *£r*»«03g£^r?"&v;*?£GaAs 
g&KoltT^X^i^Ga N Zfffltfi&Zlt&Z 
hlcJ:oTl*JSW£yK XFiS^-=5rv^GaNiiS B B H ^tSt^ 
^•^^r^/Pffi^^ (Lateral Overgrowth) tv'o&OS: 

[0012] (l)tl 5 r9-298300f 

(2) #H¥1 0-9008f 

(3) ^if 10-102546^ 
(4 ) :»WP1 0-17127 6^- 
(5) Wl 0-183446f 

[0013] ^t'X'^co^m^fH^m^ijHzLX^ 
!><. W;tifH[I]*fl&14£to (111) GaAs» 

(Mxtt'l OOnmfA) -7X^c7)ft^. 

y<7>JEEftBmjHcO&.Wlz&$ct& i o fclfcttS . tftr> 
L>~mMfrt>?)-txte 6 0 • <D*-kft £ t X 6 
iS*gO&#£> & £ i: . 

[0014] zcQ^f-yiz&^xiE^fi&comiiMz. 

KGaAsO [-110] *(pj^^(i [11-2]^ 
iZ^mz^hXdiZ-th. VX^tC{iGaN^f|^ri> 
SWGaAsW^GaN^L, 7X 
^Oi^GaNiijf*^^,, ^>tffiia ( 5 0 0'C~6 
0 0'C) T'VX^iOfl^ (CT^(f8 0nmJS^) y^-y 

{tfC't^ST*^. ^ixtiiluico G a N co^HUji t 
fc^tJ V ->t mLiZf&g: LX^tzi> cr>T$> h . 
[0015] -ec9f£cfc 0«^T'G a N^ffl^Sr-fS 

A'77rl«±tGaN^±i6SJ t 
^ n tiS $ t^^. . 7^ ^ C0±fc G a N**#3&^^-5 
tz<T>X'hhi)K IgftUfrt* G a N^'-tf 0±* S -5T § £<5D 
T% -etfOf^GaN(±iJS^i:^filr6l^^i,VX^C0± 

BMimBttZM^XG a N^M*^ftLTt9>< . «k& 
JiG a N^^^t^at-i-in-S^^ixfifiic^ffiitc 
^mztirtfXVpK. -?X?<7)^-y =JlZt5\,^XfmJ}mtf 

[0016] «i^§j«*Lfcamt±wcBf»<JDjg*»6 

O^fc^T^^^^Lv^T^^ (*T) ^ 
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mmiz£ixmmm*^h. -n^mizzx- 
mttth zti>h&. m.m<^Mzm®mzm*i~& t 

[0017] Vmm>$>l&§kLtzG a NffRtf-ifatR 

rffi^ofcfcfcti. ±foz<7>fmiz$mziixvp* cm 

m) C0GaN/-7X^/'GaAsc7)|fi^$rt#i>. -?X^ 
i: G a A s LT G a N<7)^#^(7) girJKtC-ri, 
fc. GaNO««Ri^ B B B ^T*§^». GaAsi±i?J<-C?^ 

[0018] 9/w£*ffii± s !fe{a<7)ffi#-rs^rs]^ 
femtiaac^fc. citti^^ff^ (i 

OOMmJjU:) Zh-h&iLTZ. *WM%lz£->XW> 
X ft $> ftfc G a N WttaottKra Jt . 
COO 1 9] 

m%7 i JUxzim-?z>z\bitx'iz%\,\ mizmmm 
comut Lxn. ^mmizbti x&®.®mfi i m^& 

C0020] &®nm&ttz-?x?zm^fmm&2 
5f7«satj;ott . $z®mm± 1—2x1 

0 7 cm- 2^jgt*oTffitefic7)tW{i-C§=Sr^. I 
nGaN^LDfflcOffigi: LTtt^ifcPF-HKCfc* . 
[0021] *£T#5ft"Ji#l±; ©aSffiteffiOM-fb^ 

[0 0 2 2] (6)«i2001-102307^(# 
KTl 1-2 7 3 88 2-f-) 

[0023] GaAs«±(;7X?^ot7T7/W 

cmfr&ffi®Lizmt:mmizmmztttft>&MZit& 

[0 0 24] l2l~H3l:rJ:-3T-eo:?T-fcvhJ£JI*£ 
fcSPH-*-*. GaN^ B a a 2(i^iaaM7*ic®t: 2 5:-S.J; 

r-tvhmet^. yr*:vhm6$:tg.tf>&tfmm< 

ftfr->xm?*-±.W hix&eiX-h&frtyy r-fe-y f®6ti: 

vmnz&L&ifi. muenm < < 1 1 -2m> asm* 



ll-10m) ) *>1 2ft*t < { 1 l-2m> RV { 1 
-10m} ) (mfiggSc ; teftarffifcOWtttft 

WBWWS) . 01~2Tit#§^Uj£Aftillf-xb4 

sr^-r^ngfttt 1 2ftm<Dj,tf£ K>mmiz&m-&. 

[0025] *<r>£-ottv h 4 £if£>jMf 
SfcftjSH-**)**? r -fe >y H£Jti&)ttK?&« . J&H 
t i: *>tcQfl®<07 r -fe -y hffi6 0sjhJH-£*»&jgJt3n*l 

iz¥mzmtsmm±7 r* y bHtc^tr t[6ift 

T«*. H&S;fr{&07T-te>y hM^#^ (^8) 
1&fr$>jmizTLfcmW. :s FM(D*lz<k£ixZ>J:? CS: 

-e^idicsvHceo'' ^jE^-^r-rstscc^KefT) 
[0026] ^<7)j; 0 {CBirie^^ r -fe >y hfommo.* 

fc»&8W>-C»9>< fc^dftUS****. «S B B B jft*f;fc£#fft 
tCtiJblS]^ (cW[p)§) fcittf**, |gfi^{i3tSc^ 
IMFiii (H^XPfil 0 ) t,zM*^Z>. f&M:1}ftltmzft 

$1% ffimw<7)-%fa(,z& z\&i)>t>^ s$ktmzim{m.<7>— 

[0027]7t-(:7 bHA^'Sr-Sb-v bCD^m^m 

ftemxh h mmm^w^m^th <r>xyk 0 <r> 
&mnmmt*&. m%*m*£x-fmzitkt>. g 

aN/GaAs^SrKOmLT. GaAsiS!:?^ 
~thbGaMcV(7)&1lMtfX'Z&. % 

iumwx'$>->xmmiz£ ^x^mzmmz-th z t & 
t-#4. BX'x-xi> s ?tB¥m%#7x<7)i:d%wnx'h 
*) mm±?>- z& v \ #»y^rJi >y ^ >^ae-cx >y ^- t 

t° >y h Sr a^^-ti-T^SI^^^-^ i b lz «t o TSSfiS- 
[0028] SffLh<0ffifitft8WOl^«i££Sni^ 

srr* fc 1 0 ^ c m - 2 eaciaTt=»3^-& ; t 

Wbfr-ofc. 7f7;HItli l— 2xi07c m- 2 

a««9«Efflaf«**&-3 t&x&b . ^z 1 

[0029] LfrL%tft>%(r>£ o%ffl$*mitzi> , 
[0 030] 7T-fe7MH^f7h$»M5: 
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?v7 t^ommtf$>-otz. mtai o ovmm&w 

iz V *X IS . 3 0 mmgfiO^ffl tHX-^ K> fc J£#* T 
[0031] ^^{i-H^tfL^fe^lfl/tf^.ttr^ 

<0&c7)!g{4£-i-tf ^Tfc I. i t rfhfr fz . o * 0 SB 
■V i: £> -I. i: 1/ •> 3 C i: X'h 

xmL&t t> k> iz &jfi~> x <o> < mizmw lx v \& . 

[0032] ffiKBffiWttfrifitfSfctofc:. tfv r-c?)@£ 

$ tu> ^iiLcomtfmni-h frt>mfixm.%vtiz&2>m{tL 

[0033] *tlXi£-B&ffi LtXfiLlt&frt, t'oL 
XMiJX »9> < cr>fr ? igftX t 6 MHfi fc' i K£> 6 

till < /?*cr)-y:\, ^£>^ o fc *X0HK**l-*<. „ 
[ 0 0 3 4 ] IBffli: v^d t>^(±^t i: t KJfcHO;fr|6] 
t,ZWVXVp<h<F>X'fohtf. Mizm®ctz>ztrf$>&t> i 

mmzammv^. mm&-m<t>-?&t£nx'$>2>. m 
mm&niuxxhhfrh. mmpmizss&thb.* 
^m^zm^^m^sm^h z t fc&ote^ox* 

-zn#>&(7)X'ftJiZ£rr$>Ztt,z%:Z > ?>X'$)*>o . -e 
CO J; d ^--r -7-5 XAJifcftS: 1 0 3 fg(c£> 1 0 4 fgfc 

[00 3 5] 1 0 002fs:^-S.^(il 0 0 0 0**>Ote{3 

coxbz. zntfZsco&frDtzm-ix&z.&^^m. 

Wttffim££jfcfZ>cr>X'f>?> o . 
[0036] *:-^E ^{i^-C'^fi^Jgii lO^cm 
- 2 ordergJgT. *^<7^#£^6£¥^CD!fe{a^ 
( 1 0 6 c m- 2 order) X 0 1 1 0fgJ2Lb±# V\ 

e cm- 2 0 rderOT-C-S)-&; 1 !:^ia*il§. i&tttCj: 
6 0' O^JgSr&LTT^&StfXPlSl 0T'£>S. f-y 



h£i^LTl&K$tf?>£tK<a#7Tb-y h®<7)ii#t 
L * i LT »9> < OtffltCl* tH^Pfi 1 
0fc^^<7)-ca«.. f -y httR(C-frtn£V^6 0* <7) 

rnmzmm h (nxmswwc. t^thixh. wtkx 

h. WmSU&t y h^4>6 0" coftmZKcLXWft 

0 i^— «r*>aMfr£jB< -r i> i t tf^-mztiz . ^**>^>® 

[0038] Sm^StiJ: 0«7EWT'*^ . -eixtit 0 

oifcTa^. syxBOJ;3tC7r-fe y ht-y hSr^i 
4 Mtb&Z fWft$ -fr* i 4: iz X o T WftSJS^S -fr 
S *iri5^7 r -fe >y h^^Jii; Cl Ktv h^T't 

i$tLh<DX'fo^X{&mzzzizm;&rfM*~?Z> t^oZ 

tiz%&. m&com^mmmm. ®fmx'$i&zk 

[0 03 9] -?■OGaN'>a:y^S•ffioT'>x>'^7 0 a-feX 
£*T^GaN-LDf--y:r£#&l8IU:i§igr, ldco 

1 fc ifih o a s . ^tmaz^m<rmmE^h t ^<r> l 

D tiM*fr t^ot L4 d . ZnglVHzx h^-i ~rm^ 

fr-yX^^h LDf-7 rti^Gfci: L*tWUf=flr ^>*V ^. 

-efL{±l^-iflSJi^4 0 S- Tifh t^oZt \,z%h . 
[ 0 0 4 0 ] G a NMLB;:g^$*i.g> LDf 7 Tco^f 
&{±-S{c^4>=5rv^ ^Ii.{i*ili4 0 0/im. £§6 

ootxmx^^mizmm.^tth^.^m (^h^7>* { 

^Uif2 — 3xtmifax 6 0 Ojtznutffcf ^xy\±tc 
4 0 0 jjl m X 6 0 0 /i m<7)^± L D SrSBi-f -S. fc V * 0 
CI i: S . ^fi|i|@* s 4 0 0// mT'*<9l*I 3 m/i(t 
3&»*X r- 9 'f T^f t -t h t . X r- 7 4 -T\iZWm^^^i 

l><7)XfoZ>tf. &im^-v7%:ZkWllX'$>*)Lfri>m. 

^ imsL<Mi&&) &m*&k^ozbi±mmzmz\ o 
[0041] LDmcomMzwrn^-zfcMzte. xh? 

fiS ) 1$ a.z\zx%h trirfr b&^t^d <?>Tim& . 

LTt>, LD*«Jti-*fc#fc:*r»^*J:dfe:Sa$ii 
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4. 

[0042] &L±3&VZ3A&*miWWmT$>& . t> 
[0 04 3] (l)7T*7«K^I>t7btf^ 
( 2 ) 7 r-»r y hmfr^h tf •/ h +^Ofe{i^^-gp^) 
( 3 ) 7rt7 r-®*>4>3r& t y h^^^M^^> 

[0044] fB^tOSWtX&ffitcfflSSr^LRWr 

m&m t Lx$m&-Skmt>m^t>ir2,tfZiiizi±H vp 

[004 5] 1. HVPES <'vf K9-f KSKffiJftA 
; Hydride Vapor Phase Epitaxy ) 

NH 3 -C3b-S>. *7h»>t — /l^tfOSJB^FCDT^COIf-fe 
fc£K£B3 JJ&WjK- hlzG a£»frA*tfW*fcL 

•fbtf'J^GaC 1 ££j£-r-&„ diT.^'*^X^<50o 

fi^{i***'X + T^^r^3^«^$^Ti3 0 G a 
C 1 bT>*-TtffcmLXGaK$:&f&L1imZtitz 
S8^±Ot*±tf . MfWG a.&mT$> *) G a 
C 1 ^^Jii^GaNjlM^^^'A^^V^iiV^^ 

[00 46] 2. MOCVD& ($ttB&KCVD ; Meta 
llorganic chemical vapor deposition) 

TMG (hy^/MTU^A) ^TifOGa^^^JRiS 
nt. 7y^7NH 3 k£*5il#X (H 2 ) bbt> 

JEWc-dBKCff^iifc-c**. aaS«aHR±-CTMG 

t r y*-Ttf%.m Ga m^fcztiztitimm 

mk*imL£ok't&bi8imti t *>&. z<vtt&z±s. 
cd#x zm^&fr^mm#xMmim\.\ surcttisra 
x^tfmum&cn^vmn&z itxtit & t . t a 

a N 5: im. L^^z^tp^mM^X-ti b^oZ 

btffoh. $mim^\ t -)--b%:*)m=?&m&t:Tirm 

««rttt WkS-fr 4 . 



[0047] 3. MOC£ (:£tt&MSftftftfflj&ft 
i£ ; Metal lorganic Chloride method) 
GaM^ffc LTTMG^fc'^rtS^JR-fk-^l^fflV^. Sfjt 
JS^i: LXTy^—T&tiid . MOCVDSil^^t 
Il^TMGi:rv^-rS-^$-^4^T'{i^v^ * 
•y h >7 * -^McORier T'T MG^HCl ( ig-fbfciil ) 
#X£RJ!5$-£-BGaC 1 Sr^-T^. rftl^ 

ffi£<izm&ztix^z>frC ryt-noaciit 

S^ie^-C-KJS LT G a N fc & 0 ^^.BSEWiSt L 
$Lthb\^oZJ}&&%>. L**U MOCVDJD*>J£ 

[ o o 4 8 ] 4 . mmm 

Ztlimmb LX/fXtm^^. f^JI^GaN^jgi 

^-r^tor^-s. %.ife&cr>*xmftGa.Kbmmz 
i/cawku «t vwjgnm^gM'^&mzitxmini. 

tzG a N^JS2r«l«$ -£4 &«0T*4 . 

[0049] <xt«s B H B ^etcov^rsiHH-r4 . <r<o i a 

mmmmx-z %^b^ozbi>$>&. mm^nmz 
x r>x*ftw<Dwmzm*z,coxrfr{i<n%!&temLiz~r 
*st*4. GaNtiTvtr^cs-rs. zn^w*? 

4H§i5ijm&zzx'izmm-t&. ^tuz^^xmui 

[0050] mumb , m&K&nmmzm u^<o 

<hkmn> b\^0 Xoizmm <> Z&O. h, k. 

hh. mmm^m)mm±%%m <> £&ot (hkm 
n) £?izmm~t&. tegkjTiii.vmzmmte. m 

ffl<>5:S-5t, <hkmn>fca31-r4. mSJjtiL 

nmwwmiiftim, e ] ^«^t » [hkmnia^ 

{il3c-f 4 .oiO ( h km n ) Cii3c-r4^-[6i^ [ k 

hmn] X'$>&. 

[0051] *tt&tfmi-h*mmG.z->x¥f2ti& 
tttmfttfmtz. ttmmmztz£->xmzmzm 
ztit>com s $>ijmmt®t£$mtz£'>x$kmisti 

4. A*"ft»tf>*£\ »^3-?c7)^^tr(i3lHl 
E!ES^iT$n4<7)T\ h. k. m£1®mz7Jimz. 

&immmm&<?)i>?>x'$>&. L*>ui<«n(i 

W&n i><7)X'Ztlt>(7) 3-wm$kb {SfflS^T'# ^ 
^. ^iS^T' { h k m n > b V * d *gM®li-0?«J 
Khkmn) ^^aj^LT^T^^jl-SJffi-^tC 
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Zbii^t*^. 

[0052] Ga N^tte 3 ®ttWfttfib& . 
(hkmn). (kmhn) « (mhkn) , (hmk 
n) . (khmn) % (mkhn) liSlfM i hkm 

n> tusttihe-rxngggm-chh. mzmmmm {h 

kmnl , (kmhnL (mhkn! > {hmk 
n) . (khmn}. { m k h n } CO 6 OJ2PI^<7)^Jg 

Zcoti^i? LT'h h iiK amWVltJMZttll- h Z b # 

X'**£\>*r>x\ miz-?^ -r^^mn^-h z t (c-r 
i)\ mmfrt n o z t izmw-? < . 

[00531 G aNli^ B B B ^t3 ®*M5fctt<9&£ 30 
* 0 a b dffl# 1 2 0JKeD4^£3rLTfg{t4>*l.g. . 

^■ti 4, 3 wwnts m iz m^crt zmt c mx-h a „ emu 
ttgkmz&^xmft<omT$> i ab dwrncombfe 

biSSrb/k-CWO. dft£ d/mT'W 9 . cffli^c/ 
ntfS^t^^MJ ( h k m n ) t.$8tfrh . 
[0054] £^&BJgJ^/Jv£tiH££*&^B'?& 
0, ffl4>Rt>2l«3rlvWrc*S. iM^te [hkran] 
IS(khran) IzWJzthUmb LXimZtlZ. 4 

^&m<ofim<o3^cr>mwih^ k. mimsr-esrv*. 
-&7ctc&t> -^commx-mm-t^ mtfx-% mmz.-o<r> 

h. k. m&— &t£Ji-C£>&£\ ^-^tcKiM^-rv^ 

/t^h + k + m= Otf&tZfS,*) iLr>X 
[0055] Ga Kcr>t§r£i$mm%Wl) i 3 -y&BEt h . 
-oticmi, . <r;fll;i (000 1) ffifcUoJ: d 

mm- h z t ifx% s.-p^dc mz-m^t^mx'h 

mtmte£.WzW3e.-t&ii\ &8tm&&&v. w 

tt'h^T'^lLTES'J^-S^htC-r^. GaNiicB 
5i0c0 3E^1£^i>o. o*0l 2 0fg<7)®mz£^ 
Xl>b izmh X o &*H3fctt£ to. Mlo»K<D±(CG 
aN£i&p B j&f|$-£.g,it&Ji. &-f c*3nty0j£££fT 
0. GaAsfi^-^9-7T-f-f^<7)±(;'STraxtr^ 

ft¥M£d<2:Vi. tffrt> (OOOl)K (000-1) 

muttm-$>ffiX'fo&. 

[0056] 2#Kc7)^W : 5rH«M® b H d . **U4 
ff§Hffl-T£>&. *fffc3ffl (a, b. d) cr>oib—ocr,m 

£>S. &t£$m { 1-1 0 0 }. {0 1-10}. {- 



1010}. {-1100}. {0-110}. {10 

-io> ^msmm ( 1 - 1 o o ) . (oi-io). 

(-1010). (-1100). (0-110). 

do-io) &t'iz£'>x$mi-?>zktfX'Z&. -a 

LT^S. m%Z>miZKWz6 0BL<7)ftJ&£%-?. 9 0 

mcoftjgx'%:< x6o mx*$>& Z b tciis-f Th 

zmttzotzmmx-foh. 

[0057] 3mmziwm%mi±Amb^o . *t»3 

W(a. b. d) ^3^2tt*)^£|gtfc*WcWfi: 
BT-Jb-S.. -&Jg^31 {2-1-10}. {-12-1 
0}. {-1-120}, {-2110}. (1-21 

o } . {n-2o}^ msmm. ( 2 - 1 - 1 0 ) . 

(-12-10). (-1-120). (-211 
0) . (1-210). (11 — 20) %:b*tiZ£. ~>xm 

±i£o-as^ {-} i&$m%i><ozmfr-t 

BBS (•••> (iM^M^^-T. 
[0058]GaN(i6 lsI*fli?tttt*V^4» s -hOffl^'J 

iz6om<7)nmtt~f. 9om.x-^:\,^zbiz&Mt^ 
x-ibh. zcomzAffib^d<w£wmT$>z>. mm&m 
mx'&&. atthtiEsij-rs^-cib-s. Ambmtm 

^$rto^rfi}[<2- l - l 0>(i. A®^a3e-f-§^r 

(ax'fc^. wmwcD^^tifrb^fix'hz. a^ 

lRlt®l£it£ to^"ia< 1-10 0>«Mffitcii3&f-S 

id(CGaN{i3o<^)ftaW^®. CM. AM. MIt: 

[0059] miZiiiXK^yr^ yhmb^dcOii^ A 
ffi-^MMSr c WnftlZ'J? Lmtfz i>coxmfcZi\& . Ttf 
*^^J^.Jf . A®*>^^t^7 r-fe v h {2-1-1 
1}. {2-1-12}^. MMKt4lt7r-fe7 

h {1-101}. { 1-1 02 } %b'x-h&. mm<7) 

6 mtfm& LTb'v h Sr«^-r S . 6 ^liMO h* »/ h b 
V^cOfi. AM^4>^L7t7r-fe-y h {2-1-1 
1 } . {2-1-12} frbtt&i&K Mmfrt*m£.l,ti 
7r*vh {1-1011, { 1 - 1 0 2 } frhtch i> 
0)X-foh. AM^MH^6 0JKO«S^^LT6o#ft 

<7){\mzi 2ft$mcr>\z' -y biijmzti&w. an a 

Myr*<y b { 2- 1 -1 1 } . {2-1-12} kM 
B7 r-fe y h {1-10 1}. {1-102} tm&& 

*>%ixhcr>x'i 2nmbti:z><?>x'$>&<, i2ft&<Dm& 

ZtLh^tf&L^tzffib^X^&tir&L&^tL 
[0060] 4#gOfgl[n{i±le<07 r-fe ■/ bX'li 1 
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{2-i-ioj icmizMLx^-imifht {2-1 

-11} ffifc=5:&. Zt>lzMif&t 12-1-121 t 

■hK *£v^vMin = i3&»2SfitCi54. 
[0061] ftCZMfa^^r-b-y h i: V* -5 ttfcFHi 

[0062] SMft-y hJS *) lz&mt& 7rt» h** 

{ii-22>. {l-ioi} *c&* fcaTsa^*. 

aiftSta?, ciR3icTj«t4k, {1-1 

0 1 } m<50C®lC*H-&{fcI#;ftt±, t a n- i (3 

1 ' 2 a/2 c ) X'foh. {11-22} WcDCWlZtt 
tSffi^tt tan-1 (a/c)Tl>S. 

[00 63] ±0av>7r-b«yhfcV%-5fc {11-2 
3}, (1-102.), {11-24}. {1-10 
3} &2fnjfcfc&V*&4>£l*3. {1-1 On} (nS 
2)<0CffltWSffillitan-i (3i/2 a /2 
cn)m. n^2J;0^:tV^i;ic7)ffl{Sn=lc7){I 
iD'h^Sr^. Ill-2n) ( 3 ) ®coC®{c: 
2tf£{!£:ftte. tan-i (2a/nc)TW. n 
a^iO***^:. £coffil±n = 2<0{tJ:9/jN$<3: 
/i^^Oid^ia^nc^co^a^rbv hi: 

[ 0 0 6 4 J G a mZttik&X'fo 0 ^/U^^MT'fc 

*. sttftm<7>6T%&t*'UzGa.wj?tffttt&mm 

ttft&C06M&t*MzGa.m*tf&fcf&±W 
mmb±ffi(D*ffl£K>'J?LTtzt3^Xjttft&<D6 
m&b*MzNf%?tfl?&tZT*fim£. -eo^-UL 

t,Z3-ocr>G a-m^ifi^Lth tfOffih -?-(7)±{C3oc7)N 

mittimus. 7\mmm>*^. 

[0 0 6 5] TtmmtLX^yr-i^. Si. G a A 
s$r^£ffl^3. t7r^"V («-A 1 2 0 3 ) (iH^- 

[0066] si i±s0j&mT%< asasr-c* *) 
\± y mm. *• t & . $ 3 o-c* £ . 

3tiic{: J: o"C®*{i ( k h m ) £S£££fESre# & . 
3 f^tt^Ttir&^A'I'-Mtt: < . k + h + m 
0 =®«««M4*«saw>*rtlT'*S. -efUi 
(111) ii^S i y*JU ( 0 

01 ) ffi£{£3#. WlHUWfMfc&fcSr^. CCTii 
=E*«i53&«*BAf3&»4>S i <D*§£14 ( 1 1 1 ) ffiZtii 



[0067]GaAs i7^ a H B m < tt&&Xh 0 
WSiSit (ZnS ; Zinc Blende) Maftfcfc*. 

{cie^-e^a. =EWfi!«ii4«ft»<afrifti'rfti. -t*t 

( 1 1 1 ) BSfcaWS. I^GaAsfAMA«| 
^MKffflb^^ (001) ®£<£3#. 
84fe*<3rV*. Z Z TteE.®ttfotfi£m*Efr L> GaAsO 
(111) B£{$d. GaAs{JIg»^^ 
L ( 1 1 1 ) ffiffc^->T«>2«8W«**. oiDAs*« 

flstas* (ni)ifc, Gaawwfcas* ( 1 1 
i ) arc&s. Mmrfhtiix < 1 1 1 ) AsBt*\ 

(111) GaiBfc*»moTK8(W-4. 
[0068] 

[pJSfcflP&t-SfcftiO^KJ ¥fl*CBB**JW-$\ 
7rt7 h!H£«firL=Sra«£G a N ifcfc 

fc3 **«3B#<?!>*J5IS LfcJTiSHJWSrfcflrca* 

[0069] (l)7r*7«K«t7hiWW) 
t. 

[0070] (2) 7rt» MfrWiKv hfffeO 

[007 1] (3) 7-r-fc-y HSj^^S tT-y h*3^) 

[0072] ^-ftihm&mm&mmx' $>z . 

RBHfe:-5V^rS^(c8iW-4. 7rt«; htfb-y him 

mMim&cDM^imx'fo s t # a £>*l§ . n 3 

( 1 ) . ( 2 ) l45feBC*J*t* b >/ hT'^efiOS-^^ 
G a NtSA 1 2 Oi: Zi)^-mz7 r-fe -y h 1 6#> 
£>3r£ b y M 4 jb>164rf & . t7M 4c7)4i^{ia{i: 

m 1 7 * J C [6jfcj£J|-f & t7r*7Mlt±^L 
ISfel 5*»*e-y h 1 ACOmz^iL^^ 03 ( 2 ) iZ^-f 

Xoiz^ ztiimmt i s tf-mtmz v-yhmzhz tz 
ttx°b^xmGL&mzs^^x'$>& Lmmznxjs <o 

[0073] 7^7 bmfrt>%hfvhmiz&\,^x. 
7t*v hMX'<v&&cDimijfacr>mM£mmLWi$> 
< t -y h «t>*fcKw>T < *<mkw>n& 
mmmmz+ch . ig^^ b- v h ^ t 

[0074] *wm<ryfmt. yr* v h^^b >y 

hjmtf.zm&LfzttiiLm-t&cDzmmLx. w&< 
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[0075] m^iZ «fc->T. it^fiO/N'-tf-X^? h 
teft{±l^flr?0!|£ft#£l * fc <7) b 6 ix£ . 

[0076] LfrLmtt-^cvmmm^Mzm^ wtzm 
* lx Kti&nx'htiifwwx'fo&tmzz o X'% 

mtx-^tiz. znj&t'oLx&z&nfr? k*<7>m& 
[0077] m-wx\sim&Lizi*<7)imm:2>z>. 

cr>x*t l im&. 

[0078] -^ixtCb-y htf-0rifcLX$Hm&&Jxfz 

4>fc_LJW-.&. Zcotzibhfo-yXZttlz^ttcDlfciiLtf 
fei3 l r>XVp<b^o^bi>h?>r>. ZLtitmMn ( 1 ) 

[0079] ±fc^9itJ:oT(±. 7r-t»l«K« 

SCI Hi (b) com#X?&l OcoZbX'h 
ffl&^e>mm/ t M&LX:®&. $z&m±lzfrJ3tf 

mz^&izmtpxz-?, mt&<mwxmi oizm®& 

Zchmz-fZ. 

[0080] 4 ^ISSIte y h L b -y h #;*cSHfc L 

Vvh*#:lzfofr^xMi!<^i>m;Q.<mi>M*: 

[oo8i] §fei:77*7 

^Wi-t*-^44-e^s*^^«iij-e?>^. by bffls 
iiimmx'$>')=Fit>vt%x'*%\\ 

b-y MSafc&CRiaL *HK^. *y>?J*X*hhfrh. ^ 
y^x£ftgt-£i$^ftff(;:2:l>. tWxc^SI. ^ 
[0 0 82] i*ifefl5S»H*J|«fc-r4fcif>tyi % 7r-fe 



l%^b v% o Zbimmtib^fmi,i^x. h (03 

(2) cvmmti 5) . 

[0083] m^«Ttf5tefi»J±s «ffitf>flte#fc:*> L 

[0084] i>L i>&®.<7)ffiwmm& s v mwmmmtf 

[0085] £tfctflgtt • ^HSMSfc LTM*ffl^**» 

?*tdmmx'$>&. ms&^tznasnzVL 
ft%b'axmzmi$.Lxsmiz z ->xm&^mtm^t 

ft 0 , -ItifcrJ: r>xm{2.Z&mtzWfct2>frffiMZ-£& 
XoizLtz <7)X'h h . -e*u&*#»jHtf>»f 1 <Dfr&3r#® 

[0086] i&m\i. «fctc*saa#*# o . 

i><0-CS>-&. GaNigf B 2 2tli7r-fe7 hffl2 6S:^ 
-f6b> h 2 4*s^§ttT^I». fc 1o\,zWm,$ 

77-fe7 hSSr^-fCCffitcWt^iliLe-y b2 4<7) 

( c Ifcfcf ft ) (cWf* h . fc° -y hisSC 2 9 ^Tffl 

IS 2 5 **Wf SOlSfir S: iKJtX-r -S. . IBfitiM^ Lfc 0 * £ 

[0087] -3.wm^titcmx/^m^taxv)>^iiz< 
ai*?>. Ktrv^c7)(i^|}im-&Mftg2 5(7)^Htf*g 

[0088] %tixi±xmm-£mi&2 5 twrntzmA 

?4#K $rft & Cli i: d S O*^ ? y r -b -y h £*ftj$ L^: 
^7rt y % 7 r-fe -y hfrt>%& b° >y 

h cO^^iS^ISej&^tf "f -I. i (igttc^K^il *) X 

mtxDMtLmihbtem- &mi&&z 

oT^iv^L. ■Jjm.tr-mmiz^.mx^^^^BbL 

xi>£\,\ ^i c itizLxi>m*)(?)mmikte--mtt&t: 
b^xm&faX'>mft&<QX'$>2>frt>. ztibmm-? 

Sid &M&ftft£ f -y h *$&lZBfct$> b tti^m 

mcv&ik&mzmkmftWTZ h \t-fxh -s . i± t#>iz 

[0089] b-y h ^gUtC^fea^^ 
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^^ft^<o& B a B ^o;^^-f s ^m^THatL 
h . itmzim* #v ^^:*ST'^) ^> r ©f if s . 

[009 0] -f-^idtc^Bgji^ Ik{S<t)v->^ (b&u 
ZBffct&ZklzZ-yX, * J r : £ J rV:<7)'ftlfi<r>f& 

[0091] ^^zm^ntiht. z\<D£d%mimz 
mm ■ wwmt Lxmrn-hmma.. ^^zmhh 

cr>X'li%:^t\^5Zt&3£&Lti. t-y hJi^t^^T 

%^X^&t%rki>&ts. Z\Z\X'%MMk\±. GaNSS 
ghnrnfeOMMlZii^X . -et^^IJ^i: G a NgnPa 
c7)<0 0 0 l>^-[6jO^'l 80° 2SeU ffitt (pola 
rity) **RSgLTV^k<OT'&.S>„ GaNISSO (00 
0 1 ) fflli. affi* J Ga^ffit7j:o-CV^^\ ( 0 0 
0-1 ) ffifi. g^S-^Bt^oTV^. 
[ 0 0 9 2 ] 3 & fl&oM^m*S 

• wmmmt%&z\ t&bfr-?tz. >, b--y 

[0 0 9 3] A. ^M H H B «i^ 

b . m o «omM H a a i: *ecos a magi^is 

c. mr><vmkikt*mm-X'foztf^Wimx'm 

[0 0 94] Xhtili. Zti^cDffiMbfflWffii&com 

izmgk&RKtfxz mfm&Ktm&nmm ■ 
maftmzi>^cox*$>&. m&zmmmt&zttfX'Z 
wmm*!X'$>&i!)K wmzitxMzmtt^t^o t> 

[0095] m, ktitz^M&Mmxi±XSkX'$>2>ir> 
mmX?&Mi!rimHtW-&ZklzL3:o. Ztitey 

T "fe v h^tCtJ V>T 7 T -fe >y h m<DM&T £> £ fcf «y h 

<7)l&aJtc:^$ixT^ 0 corneal i: M<o ^oSSr^. tela 

cw-rtifrx'b^x . miXffim-&mmms&sbtti 

[00 96] H=S + K 

[00 97] K = A, B. tfcl&C 



[0 098] t^^itM. KlZgigm&X'h&tf 

tLt>i>tvv$>&. zti^-^nf&ft£&#>xmmxmM 
smmtnjznx'hh. fflmxvmtmmHCDWz t° 

mfcmtf&zxoiz&t&w. *tvtsrat&<* mm 
XMM^MiH(?>!^(Di&sizi>tf;&(?>fflm ■ ^mftm 
tfibh* Kt sv>minz&m.<7)im ■ wmftmwbz . 
[0099] *%#&<Qftni mm2 001-1023 

0 m) tz±3V^T{if-y hWt'ZlZX'Z 6<DMt^ibm 

Lx^thmmxmm^mm t t'zizxz 

z h<,zwmimm.*m>x . mmxvm&m® 

[0100] iSLaWfifc:****. WMMilS-^lSHtfO 

& v ^ \, \h i&m&h & (oxttMz&Mt^ # x 

O 

[0101] fflM^Pfi*^^H^^a6l.#©{if*^p 
h cr>X~h h . 

[ 0 1 0 2 } fc 1 1 ^^Rgm-^MJSH^* S i: . CI 

i&(ocmm.^?>umzit^xiSi^m^ (t 7 h) 

i,077t7«tl4^, f&g:kmz7T-t"/hffi 
7rt7 hfig*ora*t^$tL-&*^f>y hfc 

rfir(cjs«-ri.^^>> ®Mzm>tzmmxsm^ffimH<?) 
imfrb±.i*kxmmxMM&®mk%z. zcox?* 

^m^zX oftT>y h{4SSr$M-r ^ ; i: 3&>"C# S i d K 
[0103] t> 

maix oavHK» ( c «i®j8»f)n*«** ^> 

7r*7 bMtfm&ZtL*rt< (05 (b) <o (3) (c 
ilZfii07T-fe-y hffllfjgt^i.. i^'tf-yh^ll^ 



(H7) J03-1 65799 (P2003-1 6PJL8 



Htf&a&ti*. wmi±tmt&&. m&xmm£ffi. 

MHtf. mWzttLXGaNmH&KO 0 0 l>Jj[i>\cr> 

[0104] mmmm-&m®<w£j&iz^Tii. <jco 
[0105] LfrLmmxMm&mm3.&tii&t£fr*)X' 

*. »(C£*U>BL<ifc'**. fc'3 tT^ H H H *^ffi5S 
Witr-y MKKc/h* v\fi(#K07 r-fe >y h 

*£ B B B *fi: LT *>fl!l^#i^ B B H gi5^hi^ 8 B B ^ia^ffl3g-r^cO 

urn ttixmcomizzftz . **ia*m«KK#te- 
[0106] doiafc. H = s+Kt&&mmxmm 

fc^/i3^cora®Sr^-Cfi??*-r-l»C:i:*«-e#S. by 
[0107] £ fcb -y h+iC^atWt* L>&^frL> LD 

iOtv bwil> ^*>i£#>.& ifcfcj: 
oTWife-C**. ^>«i:d3rb>y M>M£^srC'#6fc 
i fc^*f8WTI«t*ffl«rjp]^f fc fcv> 

[0 108] ja±*«woarai*si^t^. *^tci 

BKfcKPg. fiHHflffOSli ) & i: ^ 5 i i: 

[0 10 9] 

[0 1 10] 7r*7 Mi>W4e7 hftWC&Sfc: 

$>sis B B B ?4^K^te{ac7)M^Bir> wwmt-*hz.b. 



[0111] mult. 7r-b7hSHWt7M^ 
i*\ mi^:Pl*-ir^Hi:-e<o^HO*ig B B B i£i|gaBlf# 

mmz t <nm^mx'hhm^m^ t -tortawxss £ 

CttOHHMBK M©J5rfc-rs^i:t;:ioT. BUSK 
P(S»^H^H(7)MH^^ B B B ffi«K©l5lff«iSZi:^ B B B 

immmmYizm^^>mta.^m^-timm.cr>G a n 

[0112] 3BROg|g«%£: LTii. £!te B B J&*B#<7>j£ 
««B5K:*iVvt, 7r-fcy hS^^-Sb^y h2r^j£ 

<£oT. ^OJ^H<0#M B B B ^ (#ife B B B «ISa^^Y. 
S (W*JH4 7) cr>X'h&. 

[0 113] ZtLt>&*micom*%MX$>&. ^r-b 

-^ffi^H(±|*lg5 (SStD?^) (^ B B B ^Ki:Pf 
&KlzJ:'?X$e£lzmtt>itX^&£mTfo&. t^d 

[0114] rflfjco^ j i: \,^<r)ltZ.HZftm£ti 
5. b"-y htcJ;^TS^S^$riCT'{i#*£ B B B iS!fe 

(Ji^ff mm ztw&zkiz-rz. e y h o^^«> ^gg^ 
x. Lfri>Wi&ihTh&. 

[oii5] mmxfm&m®p>m*M . 
wbl Lxmmz-tb h \ ^xmmLxmz %^frt>x-$> 

[0116] zixxitmsw-y bimmz'jzmfr? b 
\^oZbX'&htiK ztuz-mmM£ft^x^&. - 

v-vhb^xcommxvm-&M®x'*>&. z<o£ 
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[0117] *m\%<mumM 001-1 

0 2 3 0 7^) tit"y hZMZttmcomtt-t L-TV^tf 

o £ . ii^n&imeamxr^ ttx-h h . £ 

PB#T % h imSSL £ m t&#> &zt tfx % tz . 

[oils] *®mzc v hnmzmmxmk^mmH 

3tt£t-y Mi r§|b"vl> j kB¥^ik#T'£S. *3& 

c: t iz ± o t fflmximizMmizm&z M^tzmmmm 
-e^siaic-rs. 

[0 1 19] b">y hc7)i>a— o<7)f^SiJ(i:Xh^^$/^^ 
ffc^k k *> # OfgM#J3BO (#*£b b b <RIk{3^# 

^Pfi«i^J*H^k»3|-r£k^a£kT'£>.£>. bvb 

u^rftwfKfatiM^ t^rv •> tr* b izizrmm 
xmm-$imHzm$-f& t^o&mt „ mGLzmtbx 
mrnxmrn-frfm^mx-tz tuo m^wh * . 

[0120] -efi-Ciiif 5 tTBMWaffilfe^Wfi*^* 
<o*> ? k n 5 rait'l. 5 #>\ *^fctf>tc««a££<?>*7 

CMikCioT *O±fcHMB30«BJfc-&«ttk b" >y h 
. a^*«EHl=«fiiWtril»rsc: k j; 

-5TK^XPfim^«l^kb--y hcoea^iEfflt^^T'^ 
h . ^*i*^c7)fr«3fe|iJ^*®(ia<7DSa(;fc & COT' 

K^XPfim-^^H k b° y f S:»M¥«tdIllIE t < ± 

[0121] fflmx?m-&m®i&x?mm&x$>'?xm 
mvztc^t-t&t. torn*) cr>m®igkimimft mm 

mxmM-&ffii&c?>&m-bm<DW&iz ± o -cM^c^tg 

Mimmzi)^ibj%%x*z h , k^ack-e&s. 

1 a *siaw^»tti*Bi<oiHifc:ieHi-*^)-c* & „ 

«*#»flfiteffisW8«* J&jg-CS I. k ^ 9 S^W'SrM 
[0122] mgt^fe^SttH^^tc^v^TS* 



[0123] [ 1 . ^AOffiJ&tfg*£fi(ttH (ift$ 

mtSW^^uXh 0 . KSfXPiim^®!^ 0 IzMft-t 
Sty hST^ifeB B B <S!l6{4^#^Z J ?>'?-^Mi!lom 

»afii^swa«Y{4*--^)j|iisa-cft«. fflMXPd* 

R^^K^B9^xlti k v > a cOtiS^h^fii^O^ 

[0124] [ 2 . M^&^om^acoKgfidSiH*^ 
(iiti4 9) ] mmxMM-smmHtfmmnm 

iSEWiszm B mfifiMSYa (000 
1 ) mzmw¥mz^-&mi3,T$>&. mmxmm^m 
h -ote&niksxfo ztfcm. a wpst k 

[0125] [3. <0001 >*f*t— gt-t&lj 

m^mmxmM^mmn (i«*^5 0) ] mmxmm 
■&mMHWfflmcDmig&t<o 001 >tzmm?*0) 
mxum^^—WfiiL^m^BG a nco 1 mv±(r>M-& 
xh&zbrf&z. cmi}$iizf&g:Zitzm'&. 

ffilSfiBt^ffilSZ^m^AifiSEfi^^Yti (000 
1 ) ffi2r*ffiWfc-rsm^ H H H T'?>l». W0XPB*^ 
iili c ci«0001» tT^k 
-t&ti { a.m. b«b^mtlrAS^0a|tt % bWiktiM^rS 
k^atcOT-^S. OS 1 ) cWmOtcllHgLTV^. ^ 
M^(S^M«$rRMfc ell') fc®!E§ii:S tmUfk 

^tmtumz^h. 

[0126] [ 4 . mmfiRmLtem&fi&mmmm 
ism®n mmi5 1 , wmms 2 > ] #ig H B B gp^oc 
lx mrnxmrn-simHcvcMtf^ftKb 

T. ^mk<0 0 0 l>:fr|6j<y)A*U 8 0- i£Ss 
Sitt*^eLTV%sm^B 3 Bk^:-?rv>|,i,c7)T^. 

s. mmxmm-^mmH<r>cm^i8 0' mig^^k 

#^B B B gP^c7)^rfik [5J— tT'§ Ga Ni£ H B B ti«4£ 

■%lx& (oooi) mi±mm^G am=Fmt%-? 
x\,^&. (000-1 ) wimmm.=Fmt%'>x^ 

•§>„ £-oX, <00 0 1>^T[6]C0^U 8 0" i£teL. 

^i±* i ^tTv^jti-&. zwmmommzim&tfft 

< 0 0 0 1 >;fr|6]W>.# 18 0" 5£IkL^ — ^m±cO^ 

£mfrt>%z$>%ig' a X'fc-ox i> x 

[0127] [ 5 . ffi^RS-CttflJ^^K^RS*^- 

«j^h (t»^JS5 3) ] mrnxmrn-smmtfrnmnim 

b b bSP^ k (iS^Pfit; «t o TttflJ t>titz 1 JSLhwlSfttt 
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[0128] [ 6 . mmmxm\^ttt^mxmm^ 
mm («*3B5 4) ] mmxmmsmmtmmnmi 

[0129] c 7 . mmmx-itm^titzm-^^m 
rnxmrnsmmn m^mss) ] n«xK&£isi&p 

[0130] [ 8 . m.mmTi±m^tifzmmxmm^ 
mm- 1 tusmmm-x-h h tfmkxmzs. ->x\m 

tzixtz 1 &±<n&3&LX'hh . 
[0131] [ 9 . tK«l» LfcBfflKCBafc^fllWH 

(ti*JS5 9) ] mrnxmrn^mm^mm^mm^-^ 
^gkjjmzttvxfkt'm-'ttimm® vx^ht^o 
i>cox$>&. 

[0132] iiLttmmxmm^mm^^ffmzm-t 
h $>w!&x"th> £ „ te&asmzms ^xx&mz^ ^x t mm 

mmxmm-frmmtf^fegh < i > <o^m^**«>-s^)« 
tmmxsm-smmnfomzhh . s^OTsm^is 

[0133] [10. XPi^-t-^W^PST'ttflJ^fl^ 

Htijgsxpgsr-t-^. mm<nm&3Mfttmw.xmi,z£ 

[01343 [li. x?&*$&m#xmx'i£wt>titz 
mmxvmimmH (mrnmss) ] mmxmm^mm 

^zx-oxitm^ixi>. 

[01353 [12. tmxm. mRxmzartsmmx 
vm&mti (it*«6o) ] mmxvm^m&Him 
akm£*a. znxvm. mttxffixfc&ij^vixffi 

Tb&Zttf^K b^ZbX'foh. 

[01363 &jL?&m%mmxMmismmiz^xwt 
WLtz. mzm&jmpyfii$LX*hhifi. i&gMbg&im 
iicwftfox'b&<?>im'&x'2>h m^me i > . mm 
mm?)±izttikJikv>mit#v 

3mmtf&<n*>zcWi%fotztf<MZ-£&k. mmm 

i. zntzmzcmjftiztiL&zitk&zttf^t^o 

[0 1 373 -e<0i§£. 7r*y hWfrL>%&Vv h# 



a n i***- asrt* Ociibo izmm<mmmz e o 

coty M26-P<ofla£f®££>o. TWSrAft^AU c 

0 (hkmn) ®£7)mf<7)30(7)figch. k. m£Afl*& 

[0 1383 7?t7 hffitf>BBB»li-*fc: (kk-2 
kn> (k, nte^fc) t ik-kOn) b^O^olZ 

mLxzh mime a) . ztit>2im<omi±zti? 

tl60' Zblzfr£L. rffiOHti3 0- <vftmz% 

[01393 -eo4 , -c*)«t>^ai-r-i»7r-fe y hsji. 

{11-22} Si: {1-101} ffiT*^>^ (»^IB6 
5) . ^-rix^^'^T'iSTN^il^T^-St, 

hi£H--ftM^'T'^ h« {11-21} Ht HJ 

[0 14 03 §^K7Tt 7 MH^I.e»/hA 5 . *S 

fe-S (i££Jl6 3 ) . CWiWilf {11-22}, 
{11-21} fctfM 1-101 >. (1-102) ^ 

o x o iz c mm8Lntfm&z> tntthzk^o ztx-h 

[01413 mMXFfim-^«^HtiS B H H ^*l»FC7)7T-b 

•fe -/ h fflOHJiSt^— fenm&ayfo h Z. t tfftfr~>tz . 
7rt7 MS*»^3flr'4 t>y h^t{iH«XPiHm^«l^H 

#3>&. mmx?m^mmm±. e^wTtyw 

^ J; o iz t >y h 5r^f fltf S r -fe y h ®coffi 
fSRti {11-22} k 11-101} T*>&. 

[01423 1 zzimsxmm&tifitnmm < f -y h 

(»««6 7 ) . M^.ifH5 ( b ) ( 3 ) lzt5\^X—& 

0ZbtSfrt>^ {11-24}. {11-25}. {1 
1-26}. {1-102}. { 1-1 0 4 } 5rfc*#ffi 

mtztitfvv hmcoM§mb%~>x^z>b^o z\bx 
hh mmei) . 7rt 7 M*^^e7 his^ 

#*SB%{£ISi2^^Y b <i. < 0 0 0 1 >*|o|c7)^3&i l 
8 0* i^lgL. Stt*»RC LT V ***&£SBiF£tf#tfi 
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8) . ®®ftv>£*)'l->Z\,y&iimi3m&. 

{11-2-4}. {11-2-5}. {11-2- 
6}. {1-10-2}, {1-10-3}. {1-1 

o -4 > mime 9 > . *titff&&b k t>iz 
mt^xmrnxmrn-^mmk tc&frhmmxmm^mm 

mi^m, tf >y b zmm- ft 7 T -fe «y f> 

o) . znm^ii. 4f(cn«xn^^fi«H^o<^)m 
&fkm.mk<o o o i xs-fawwiju 8 o- sbiru fis 
i£#R!|gLT^ft^cP.l : tc|ga6£>*ift (if^7 

i ) . e-y h&nwMM&ftmm^k^dwzsm* 

fcHX&ft. 

[0 14 3] 7r-b-y hffl*^^t7 blsfc&ftBliff 

<oT*{i^r < x-mmizAizm^ ~?x v ^ t a ««fcT*£> 

ft . ^li.Jfia7c7)|5i^R04"i:^)|ftv^^-K«rXF(IS 
^ft*>£> G a N»K£**3rS-flifc:#SI! LT t ffiffitcPB 

^Fsm^-ffii^H ^'ajT < ft mim^k v * 3 f 
ft. 

[0144] «BHiS(=nM^H»fe^fRi«H«{ltMLK:< 
^O^i»Hffi£tf 3M£*WC# ft . *tUz9mtf&&t* 

k^omzki>&z>. mfflL£ok-fz>¥mzxm&hz> 

kmmtfmft>tL&irt>x'X>&. 

[ 0 1 4 5 ] t y h&izx-z zmrnxmrnsmmiiii^ 

1 fx m~2 0 0 u m<y>i£@£ LX Zktf 

X-Z& (»^JS7 3) . jfcft^m~*>j:sa*. mmxm 

M&ffimHCOWmZ 1 Mm— 2 0 0//m(;L«*$t 

fete £ tr -y h **<DKMrgm-£-Mi5S 

[0146] 7 r -fe -y h^tf -y h COE&tf'hS V Mjfe 

^ mrnxfrn^fmacomm^^^^w yr 

-fe -y h tfb* >y h V ffi&XH&fc&ft 

^TfHgBMat&ffi^EgA* 1 m m bixit g&JH ( (k 

LTl:@2 0 0m miT-tfjSiTC'&ft i: sg"*. &ixft «, 
[ 0 1 4 7 ] y r -fe -y h®^£>3rft tf -y hSttgRffiKRI 

«7 4) . i*Ui, (WS««*^BWH*«(Jc^*tco 
*u x *j Wf- w t: ;F3c5£t?£> ft fcStffcfrffi t co 

38fr*-ftfc*yc*ft. 

[0148] oTI±H«*3illlte«U*<0^ 
(«Brffl) tfR^K&ft^tfcOdft (SH&B7 
5) . HM^PfiA^^HO^^ScT)^^*^^^ 



[0149] -J7rt7 hffifr'^&'ftfcry 

[0150] ^m^mikm^m^ cmajmxh^ 

-£\ SI^^^Oft^niT'{i7Tfe-y h®*^^r.& 
f >y hJ£0#t&irfBtt&lttf<, t tKtv MS 

i fcfcft (it 

5RJS7 6) . 

[0 1 5 1] 4fc-e«0Bk 7r-fe-y h®*^=5rftt°-y h 

t. m£gkm^m$xv<m-£ig.WLH'\$]fr ~>xcniz 

[0152] Z<V&&M't>cOj<J;-XM&cmfrt>ffi^ 

O&Mk k i> tlKfib^CffltT^fCt >y 
T#l^W«Mil»-^^cmf-rftit{cJ:-5T. 
^gi5Z. Y-eo«3ilK^{£M$-ti-fti:V^^ ( >:-C*ft 
(li*3H7 8) . mz-lfmi<7) (a) (b)t7r*7 

QiX^Zti ft «fc 0 iz C icffic 161 * fcrmfrt-ft J; 3 
Cr&ft. 0lKfi[{itr>y h^ttcift^oTlfe+U*^ 

hH-ccofefi^i&ttr^-r^^o^ffiiaT'feft. 
^;jt^fi^K{a{i 6 nm<^>w^ s izmmtz t w^^m 
^<&m Lxffl&izft^xKw-izmtifrw&n&n&D 
tsef-rft^-c^ft. 

[0153] ztitfftmiz&^x i>^htusmnsiM3f 
commxht. LfrL*MX'i±g>nj!i<7)Tizfflmxmm 
^mmm^^rt, mi ( b > o ± 0 iz^m^x?^ 1 

[0 154] HSIi^cO^-CDll&^gWlSr^-r^'. 
f-y h<0JEfcB!aWMMfc^«W**«rV^ 
4^ft3ifflS»tT*J»)S^J!£*«ftT»rilttt>feft. m+jg 

[0155] *^{iia4 ItZijk-f-J: 0 tt 7 bEt-^ 
^SST'feft. IS B B B ^K^{tr-&ft^iS,0. Kk 

semxx'h&ig&Ubh. ^-rtiizLxhmmxmm 
GmmigamftKiz x ^xm t t>tix& vmmomx 
h ft . wmmz\m^.if-Mmmxmm^mm tcAft 
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%mt*miniiimim3 . mA^zx<wxh. 
[ o 1 5 6 ] §t . mmcomttfv v^mLnwm.izte 

[0157] mm<mi'^m.<nm&mjimt lt«u 

h Sr»jR t . b <y h +^J£tt3HKXRBft£ffittH 

[oi58] ztitesmmizmiiE t < b h . h^lx 

R»R^«W*i»«|-r*fcv^il:'C*«. 06 (bK 
07. 08 (a) . (b) *iffcJSH!jELV»«fflfBS* 

-*Iffi%;s?->t±t5<D-ffrt>ikt~>x<&. 
[0 15 9] ^iaC7r-b7 hHi^^O^Jfetcffl 

6) . EHlUfcHfcif (jEfiJBiM^q&SCiiaW-* ) . - 

[0160] [ 1 . AEWIStt^^-V (08 ( a ) . 
(b) ) (tt$£8 0) ] ^ix«408^-r*\ tr-vb 

{^*-^Of$9SgU3arc&6. kLkBH&Ob-y h 
* ICttMr^ & * 4> b >y h <50jHS: d {4 b -y ^- p CSBr 
<P = d) . H8<50 (a) (Abv^Xfrfr^Ga 
N|&&<0< 1 1 - 2 0>«JfttW?»i. 18(7) 
(b)ttt7 f-«93r|fiJ#G a Nf&frZX 1 - 1 0 0 >cr> 

[0161] i<^H{ci3V^-c|5|'^P304"i:^|lbtL*^«[ 

XPfi*^^HT^S„ -5-<?D^ffl«OaAc7)gP^b"-y h 

commz^Lx^z. mm- &m>m<?>mmzx$ &m 

(c£B t T i^S i: ^ a .1 b It & S — ^WtO* t & 

xh ■§>. Lmmzmrnxmrn^mmmm 

Y) liJtiiaS» I »<JSr&«iai* t **. *fa^2»mte*t£ 
[016 2] [2.0»tt^->(|9(a), 

(b) ) (it^8i) ] z\tum9tz7a~?tf. 



^tiit^-ycomK)mLmmxh^. fcLtrasob 

•y h #5V McJtfcfc-f & i^t-yf COBB d (4 b -y ^- p iz 
immL^ ( P = d) . 09<7) (a) (ib-y^^W 
GaNJ&fttfXl l-20>fc<l-l 00>O*-|*]{C 
ffit^S. 09 (b) (ib-y^-O^r^GaNMal 
<D<1 l-20>t<l-10 0>^|Sl^L4 5g 

[0163] i^HtCiJ^-C^DHO^H^IIA^ffl^ 

nfctfKfZ^wzniimmizmmikimmmimz 

<r>$m$:^ L"CV*$. BWrt"* BMifl0>M!IH(CT'* 

i «fc o i>w&mm&$^Y0mm&&< . cm 

G a N-rVNM Xf - -y T<^K**iE^T*-5 X 
W^fcfUfflTi a^{±«ea®tefi[^««Y fc#^ B B B iS 

t°-yhWyj-&^Zlt&t-&Xm t ^-CtV ^ X 

[0164] [ 3 . I0St*V-> (H 1 0 
(a), (b) ) (IS*JS8 2) ] ^ixfiHl OlZTjk^ 

v c: ^ - ycoM o ^ uajfflfcjfcfrtta** t ^ 

4>b-y hOjfi^dfiMb-y^-pWiS'^t^ (P = 
d) . 01 0O (a) iiMb-y^pO^T[Sl^GaN^ B H B 
C0< 1 1 - 2 0 >«JAI:Tfftfti .0100(b) 
JiSb 0 v^-p^|tj^GaN*gB|c7)< 1-10 0>O^T 

[oi65] zcomi>z^xm^Fi<7)^L^r,mA^m^ 
xvm&mt&Hxhz . ^(omw^&A^^^-yb 
<Dm& *} z^?tfztiimmzmi&ik{m&.mwimz 
co®mz^Lx^&. mm-t&m>wcoffimzxz &m 
<?)fc\ ^^(Dmm^mmmMn.^mmYxh s„ zti 

liq £ p i 0^<t4Cfot|y»2o c t 0 

•y Tti^T'^ ytfW&tf* b v U ^ . 

[0166] «SAi£M«)«iMV(c, jeSKtzmftXK 
S^ISS: W L 7 r -b -y hmfrt>%& b" y h < ^ 

04"DSEM (b y^-p ) {4. 5 0jum~2 0 0 0jumT' 
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[0167] mmn?^ *z j t<7)±.izimt&z t z 
x<of rco* % siott-yhe-srf- 

>y ^(igffi 50ju mfcfe&irc* £ . J ctl\XTX'l£?J W 
[0168] Kttl-f-y b tf >-/^(5D±H{i 2 0 0 0 jum 

oojum&Ti:-r&. ttnimmm^m^za,mmx' 
[oi69] [ ffln^Pfgm-^^ h (nrnm^m ] 7 

•y hiB3&^=5:Si;.y h<0+*»lSK:fl*-f SBMBXPafc 
■&««H<?WB|jtS«fcov%TKBJ^-&. 15(a), 
(b) fct>y h-o*Co^tcOEI5:St„ I26T12: 

[0170] *»i«c^eAjfi*fc:*jV">Tii, ^-xfc=5r 

•&Tta»^2 1 . mw) *> jama^Tm 

^fc^£co^^£tfre£>&. ^limGaNlS 

Tt> J; v h ^coTWiffig 2 1 cvmmxmm^ 

[oi7i]i2 simmzmizfflffiELKmRmwiz 
nmztiz. w-mmame <a> tz*tti3 Y )X'*>&. 

^iT{iTiffiS^2 10±fcA[Hl>pf#fc^S&ata2 
3£SJ«LTVvg>. Ttfe««2 lcoSOcolftfl-l 9fi» 
«aB*«KMfr^*. GaN*S^2 2^T«6»^2 lk 
m.2 3 C0±Kjfcft$-t!:.5. . G a N<412 3 C0±tteJ&il 

(a), (b) CO (2) OJ:3fcTiftH<D_Lt=JiJ¥<£!i 
H B B 2 2^'#^T-?-C0±{i :s Pfi® 2 7 ( C® ) £. 
S2 3c7)±t4^* ? ##l:< ^*^t7 h 24 (0335) 
fc$r&. b*>y h2 4li:6o;fc&V , >J±l 2c07rbv 
26frt>%&. S2 3cO±lCt° y h24K'H, 

[0 17 2] Sfc(CGaN|&A2 2£jiUI$-fr*i:*t|pj 
t57r*7 hffi2 6**112 3CO±Tl8£-o <t o lz% 
h. * d &6 i: a 2 3 <nlXZ i> G a N^CO-g^ttS 
LT*9><. ^co^(ib--yb2 4<Dl£2 9i:'5r^. j££ 
fcfct^f-y h2 4«±^^Scr?.. f-yh2 40JS 
2 9i&«(CiSA:Wft«L't*><. 15 (a), (b) 
CO ( 3 ) i a &*t<g£>K$-. 



[ 0 1 7 3 ] J&2 9C0T / v»tT^-r-l»ife H B B 2 5(i 
-ecofficOgR^cOlSB^ 2 2 i; ttRftCfc h.^2 9 COTS 

2 3<7)±.izm*i2>$$ftc?)i&£k2 5 &m®xm&®&n 

h Df^. WMXFlSS^m^H fc *coffeco$S H B B 2 2 1 <rm 
IMR 3 0 «%ttffK -c* •?» . **tf=*f LT S 

fen**. o«2 3 -mmz$miaM®H-i£2 9& 

±Tt3M^„ S2 3c0{iac0±^^-ff >y hco*^ 
T . » k b° -y MscOS^fflM^Pll^^H^cor 
(lf^Jl84) . 
[0174]7r-byh2 6 coETcO^^cOiiSB^'*^ 

aiffiiEfiasitfiBttzcfcfc*. ¥Sii!2 7<z>iiTtf>eft 

3^4USfiflaiK(ia*«WYt:Sfe«. b<y hj£2 9tC-?^ 
TyLlfflDO^fr'&S. 05 (a) T'tit>y hJK2 9 
cOfPJHti:? r-fe -y h 2 6 coflPfk PI trfc 0 IP) tl&Jfcfr 
&cr>mx°$>&. ( b ) <0i§-£. bvhJg2 9 

cOPMi. 7r-b7 h 2 6 J; <0W®t) i vp&^i><7)l l z%-? 
X^& (ff*^8 5) . mtifim^vb&2 9li. 7 
r -fe >y h® 2 6 i: ^ LM o ® i: =5:^ X l^S *>(tT'S> . 
oSOc W^[«JC0®m n A^- < X V ^ COT 
7Tt»/biS2 6i!i ! ( 1 1-22) tit^-$>bZ 
tilzm<!£29lZ (11-24) £0,J;3^31f§i.. 

[0175] [^«^aco^r«m] mmxmmsmmo 
i>tt%&m2 3 izTimmizmmzmfx t m » l . 

TtfiS^^G a NS^^< co-a-T*^-?-co±tC#(tr t 

[ o 1 7 6 ] a 2 3ii£fswty=«gij£L<ffia-r<#-c 
fc-s.. /\®^, hew*, -mm<7M^?->\,z^ 
^xitmzmmLtz, 

[0177] m<7>BMtt¥-lt LXl±. G a Nc0^*Lt 

»&. ^Mco^ti. ^^srnii. ^*Sa^coM*$- 

ffl^ftCfcA^CS* (»*^8 6) . j?H. m-?. 
[0178] [acof^M^ 1 ] nm 

m^izmmxmm^mmt^^ swuzmmonzm 
9--><7^hmpnmx'b& {m^msi) . 
xfju^xrzm^xmmzmm'tzjjm. 
sitwot, KMXRim-^^cociM»K*^±-r 

[0179] {I^coacOJEmiiR^ ^^ifk-TS 
ItmS (ft*iB8 8) . &ABb^o(QlZEJt} 

b, m&B. xftB. AfiB%t'X'$>h. ztu&mx 
tm&ffiiiueyBmz t §mi-& . -ix^n^. 

CA^-^yy-t^^, ^ie B B B ^COE®il Atm 
~3 0 0;umi:-r&co##i Lv^ (11^8 9) . BcO 
Sfc J: oT-ecoi^^-rsffl^PiH^^^Hco 
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£ £ . ffl&XP»£££i$tf)ffi1Sk LX 1 

^m— 3 OO/img^^^fl^l $ «fc 3 

[0180] Jfc«>0)£ 
[0 181] -f. SiO 2 itil(at«JS9 0) (^tSA 

a. s i 3 n 4 mm\mcm9 o > ifmaxtmn 

^. PtII (|f^9 1 ) 

-- W?WR <§RSJg9 2 ) ( £gjfc) 

[0 182] [«<0ffiR*&2 (®.?cotgr&) ] Stog- 

(IM<JS93) . GaNfg 

[0 183] GaN^T'fc-I.O^£0±^cOGaNcO 
J&H£iIM$-£ f >/ h £J&£-T £ k 5 c7)(iis^ L ^ i 
3 ^li^r^ae<OT|i) t*ffl<OG a N 

IHOT**. L*>LGaN&^k^tffc^£J;.g>r^ 

[0184] ifli jIMi:aoTH^7C^1iit^ to 
oyxh h Mm k ISfttfctf y h . K^^PfSS-^ffli^ 

[0185] [«<ofm^S3 (mMmwmoms) 3 

W J t<?)1*<r)*mk'tZ>Zkif t X'%&. T«StliGaN 

[ 0 1 8 6 ] G a NWmmmMWffi* G a N 

K-B.GaNit?Jf (GaNA'77?I) £?I<j£j|£ 
n&XHa&ffittH Z*kf£-f<% SISftOG a N X tr 

J«LHI«KH9lte»«£ft5S £ k 6 ( Sf#JS 9 
6) . 

[0187] T«£«£BS-*-* rtciotatts 



GaNA 7 7rI^Lt;GaN5r^l$« 

otisiitH^ mm&<&8r&. mmtfzmiz%& 

■V, Xtf*7K SiC. GaAs^t'^flJfflT^^.. 
[0188] [Sc7)#t?^4 ( G a Nxtjf <7)_Bc*i 

i;US.'>fzmmr?x?$:mb-tZ>Zbi>X*2> (If^JS 

97) . ^zyrtmm/GaiN/mimt^dimk 

t[h . tt^txE^ C01&G a N < TTtfi«^/H 
mmiz£-?Xi>V",hZZZfrt>f£Mmt. tvMt 

[0189] mcn^mnm 5 < r«6s^^±(cff jr» 

iNb b b «^jk-7x 9 zmm l . -7^ ? s- 7 4- mi y ^ 
77 fcj: ^x^ftrnzmiLm-ytimm^xtzmm 

8) . ^&QTim&Lsimmb^?imk%z. 
[0190] memm ( la 5 > ] a^iSft^Ttfta^ 

*»6xtT^^^rtdK^4. L^LatiGaN^^ 
HXLX<&cr>xmcO±.l,Zi>GaNWm^X<&« *ti 

&foik3kmzmfcLx v \?> \^iz^hh . m<n±izx'% 

SGaN^'^-CibS^i: (A) t^S. 

[0191] wnMzmvnmti&im Lawrs-c, 
a^i^m^Bk-rs^t*)^. -eok^T'tJ^sicT) 

m^H H Bk(^ B WS*^=5rS (B) . ISft^rfl^fWr* 

H'j?Lf3fi}mm*&mm&k ^ow&i>t> 0 3 s . 
*m=J:-»rBaB^i«afe^«*H<o«Ba*«iM»fc:SB 

[0 192] [EL07X^ii®J:Pii^^S?X 
9k<T>m^\ (HB§W) ] ELO (Epitaxial Uteral 
Overgrowth) k\^o<^\i. SfJjEL</K^^ieat/i-7 
Xi? 5rTHS««0±(z#{t/jN^Bf fcSLi L^G a 
Xtf^^v-^;U^$^ GaNJi*»'-7X^JS^^i. 
^ i: ^{i^l«l*<«l|6]^ c^r 0 G a N **W»JSiaozH|E 

^i<75T\ ®MizmiiLt:{8imZ-itZ>ZktfX'Z&m!&%: 

&mx'h&. zK\x*wm<r>%MX'hz>'¥fm-9-2 
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983 0 0^. MT1 0-9 0 08^t:t»V^T^> 

[0193] ELo-?x7temm%mm&fc<mnmffi 

fflPgP®W*^v^^Movx^ (jg&SPMIf 
>50%) T£>&. 

[0 19 5] «^-VliJ:O^V« (Eg; 1 jtxm 
~300/xm) #j£<£fcf£>fc: (50/zm— 2000/i 

m> w&i,ti£o-%'^->x'foz>. &mmmm< 
[o i 9 6] ftmi>m%&<oxmmLxi±%:t>%^. * 

hZ&ELOi±m@.ZmmZik&<r>tfMMX'bK> . 0UB 
^Pfim-^^ H tK^^Pfim-^^ H £^ 

[0197] a^^-x^asp (Ttfes^^'SM-ri. 

8P#) jW£^. £agPKELO^X?£$te.g>„ 
X?i:Ud 2aWOS'Mfi0vx^(cJ:-5Tll*5ix-S.i:V'> 

(ft*«9 9) . muime <a) tas^r. t«l»k 
agpi9*^. -eosagpi 9^ELo-7x?^«-yr 

Si0 2 , Si N^JgVX^5rflJfflt'# 

i$L^\ism\x~?x9 zm&x* h . 

[0 19 8] -e<0J:o^-^vx^^ffl{±Si]^(7)t^ 

mmtzLxwRizifciiLzm^itmtfhz,. w?x? 
*cr>£5 Kftmumzmnmxh h . l& Lstzmnmiz 

[0199] [ E L07X^ fc fflaXKft&ffiffir?:* 
19 (H6 (a) ) teStt55fcift7>^tt^X?#JiL 



2 3 c9&U£agP 1 9 *f mzE L 0"?X? Httt^cO-C 

£L<&Ui:^l^li-t±. Wi6fcTiffiS^<7)±t=ELO 
VX ? fcf+frj- E L Oj&R t TffV ^imULG a N«£f£ 9 

2g|®<7))£J|£ J: ^ (§9*^100) . TtffeS 

[0200] jje*>#arct4. ^t:. TfftfflRoxt, 

^t>l2G a NAy ^ rJl£lpr.£>Tifc*fe7)±(;:E LO 
-?X?£j£)£-r&. ZtUZS i N^S i 0 2 Oilfl ( 1 
00nm-2 0 0nmgl) £®j£LT < M<£ 

^m.um<7)jEE&&cmjmwtz'm mm. n 

GaNA>7rl (8 0nm~l 3 0nm^Jg) 

xsmtm ^777 /iiite^ TFm&zmm-t %> 

tz>sb<nmXhh. %cr>±tZG aN >-r;Wl£;S 
rGaNJiSrffiKffi-fe-r*. 

[0201] ^0±£^0»^->-£t£ttS. .Til 

ELOt{±ES'K'#-i.o lA7-y^GaNlW 
=3f^-r/I^J10±t;GaN€:)S«§^i:. iCi^tt 

•y htfrnfoztitv bcr>jmizam$ixmm'&m®Htf 
&titzti&, t.y bcommmcoTiziimtigkismimft 

G a NM^tiffilsfii^^S . 

[0 20 2] [7r-k7MK^St7 hcoiig^aij 
If^-^fcTiflaHKfc (Tifi««cO±tcGaN 
VN' y 7 r JI 5rlStt3t OTt, i. V> ) 1EB LZ<7)±.t,ZG a 
N£7r-fe-y h^$^i:ac7)±tC-^-^L-Ct 

( b ) cog a Nmm<7>mw.*im*ttitf£ < mmxz 

[0203] *«»±. T«6S«^±(c^b° y 
0^c7)aSrieat^co±*^G a NS:^ H B B^$-tt 

*c. mcommizmftmzv-y hzmLZ^tz irnxmi 

0 1). 

[0204] MfWMifcL w-y->?l,tiffiat* 

&te£mmmzmmbmntto£Ttmfcv>±.izmm lx 
mtmzv-y hzmL^th 0 2 ) «r t*^ 

ttzvvhimtf&ti&frhX'hz <»*jbio 
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3) . 

[ o 2 o 5 ] mt &5 toti^m. mm. mitm%z 

nmmt txit. sio 2 i/si Nmtmtzmkffix' 
m&mi 04) . mt LxmiTzm^&zti* 

T'# h . TVmm h V ^iTHHHR^ifcrSHf ^GaN^ 
tf^±*^GaN£:7r*-y r-J&K$-£.g>. -e3-TS 

& (if«Jii 05) . 

[0206] tCOttCOmtTt LT(iPSA««0»4 
^PK i«OM& : ?£ffl^££k*>-C't.g>. i^Ga 

# s (m&m io6)„ i<7) ± d t,zTi&mL<Q±.iz2m 

mzMWIjE L < ffl£ISfi LX ZVUZG aN57r*7 

-/ HaKSrFtf>ft*>* CI k#-C§ & . f y hJgfc{iH« 
^im-^l^H*^ 0. b* >y r- aftftBf (7rt7h) 

&t>. a<^iaat<toT«iti.fe3o<7)^H. y s zs- 

.fttttCjE t < -5- £ & £ k -5 . • 

C0207] [ W£S-fb?y ^as^^MjI] gs^o 

Ga A sSiSSrfc'tcfi-fbyj ^^^B^^^-it^,^ 

mteW-OLX'hit:. ^OELO (Epitaxial Lateral 
Overgrowth) «S(7)^i,f fflCjB^mofc. *:fl 

[0208] L*»L*ISHJ#oftH 0 0 1 - 1 

02 3 0 7f) H7T-t yh&-g:ZU)libXmmLK. * 
SH8 fc 7 r -te y MfiRt=JniT«<^MIt <t &mm%M 

■Jjmh 7 r-fe -y hffi£ii§»L&#£>j£*£-ti:& t><7)T. 
T'^^ife H H H ^®(i7r-fe>y h»^^St7 h£fSc^ 

[0209] tf^^jMWWSTiBtSftfcSMbir'J 
xu mmLtimittfV'7&mfcii :s ¥-M.m£i>*>. 

4XMmvt:ib<7)< , 7^t-t2>ZttfX"$&. mwtnT. 
tLXli. X^XjDX. fflfflflPX. 7 >y e^ODXS: 

1 1 ox-hh. z t>izm®iztt\,vzTmmLi±x.vi-> 
TSHHKSrifcv ^wm i> mmiz^iaizmm-th . 



[0210] *^Hji4. g aum&m.mz&^x. mm 
xms&mmiizffi!fLxfo§kZit. mmxmm^mm 
hcos s t m&t&RK zmia.cr>mmw>m. mmmmt l 

b-th (raios) . 

[0 2 1 1 ] i&V^L *§MBfi. GaNMMICfc^ 

M^Pfim^-^HcoS S b t£JM£ft K 

«fiBir#«^Z s #^ H B dai6fi#^ Y ^iSKffi-ft L s 
t#^ft>tGaN*S B B H SrayailXL^f*. W^L. ^ffl^i: 

mmtt~thWiLb-$-h imsmi 09 ) . 

[0212] «fiS8ilX<0*i£fc LTti. >f XjdX. 

WfflJnx. v y vyytoJico 3 *>-^& & v^ttzoiaui 
^ffl^^-frk^r-g. (fB^JSl 10). *^HB^)|gaBfe 
S<7)Ttfe*«i: LTti. GaN, f7r-ft, SiC s 
Xf*/K GaAs, S i^rirO^^BSrfflv^Ck* 1 

■C#« (fi^«i 11). 

[0213] ttz. Mtizm^x ztimmjrmx\ Ga 

NCTMikf&SkZmiifrf&mz, G a N^b b j^IP< 

■ti--f ^rf-y hi: }Hm&gl,ZX7-(XtoX-t&ZblZ 

x 0 ^RBc^afl^r u A;&y B -H#§ ^ k t -c* * < » 
L^GaNs^^a^akLT. -e^xcis<^-rs 

^B%ffi^(aiiir#^z *mtmMmm<m.m voica 

J^S-T-S k o^H-C'^^ . S'J<0*5l£-f & k . SMS 
<7)BH^Pil*^«lSHco±t{i7 r-fe -y r-®a^3r& f 

•y -e z izi±mmz$m&imHtfm 

gkim&mmi&YWJiiztey r-b -y hB*^^S f -y h 
h. mm. Z<7)±ot l zfmgkbLX*5m<iZj:&GaN 

o-f yd*-y h bmm%F%4 y^vhzn&zb&X'* 
*). &mz<nmfctfV'7M!iikZn&Zb&X'%& (if 

*fll 13. 11*311 14) . 

[0214] [#»9iosMby y ^asi] ^ifi^xfi 
asfcov vci&^s . ^fianxgfa Lfcsw>as«rr* ■& 

*»6WC*0. Tifta«tl^*$itTV^4 0 07 
^BHOTlllia^* • Tfi-ftf^GaN^^^-r. ^ 
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P(8*-£ISi|gH"?ft&. ZtlteV -y b^tca^L-c^*^ 
&gfcfr-Cft O&S Ztl*mts1(££km&Kfrt 3 %;& „ *§ 
if B &#K hSS^I»i, ^{i^sm-^K ^fe{icoiBM. #m 

h &m mm ie l < lt v > s . 

[02i6] z.<7)tmx'imm$:¥mzmmLtz<7)x* f 

•y h<7)ffimtLxm.£:Ltz&ttx*$>&. m*>. m^z 

fel v£ b -y h CDW$mX'& -> izUttX'Jb £ . tT y V- teH 

M^'j=5r f x-ma lx ^&frt>i?& L^rfzvmmiz 

[02i7] mfeihfmm&ftMmztePitf; 

x$>*)mm-cr>^mx$>^i)K mrnvtc^co 

mm^mm y *> m^ B B H f£ie^isif*ffi^z offings-eft k> 
mukxh *) cwzmwt-t h . u>>tc Ltrm0j]}i 

3rfflii#ft XW&omt tt~>XWxh . 
[0218] *W%<VmctlV ^AUKd £ftc£(Sfc: 

^ac7)te«{i^ (y. z> £^rr-z> (it^jai ) 
-efts. 

[0219] wiH+Y+zx^hm^mmw— # 

4 U b -y < TS«C:£ft:fcb >y h £-o*ftt 

mmmizti^x-mzmrnxmrn^mmH^i,. %<r> 
mwtzim&vxmm.im <y. z> £qrrsa#ffl»i 

ffc (H+Y+Z) Sr-mfii: LT1t^S*Sil8fl£j&>£> 
3rl>*><D-eft|. (M>12) . ULh^'*^<7)#i^ B B B a 

[0221] [ mrnxmrn^mmu <^mm ] zti&x-iz 
i>tzvtixm«x ^zimmxm&e&t&Htzii&wi. 

ft&. JtttA-c&JiieBaJiUgA (Y, Z) t 

mskt <o 0 0 1 >tt^3itcLT-etofitiaotiateL 

*3Mi§ B iO.ri;{>ft£ 0 <0 00 1>i*5RtU^5 
1 ft £ . § 6 tJMHom^B B B 3&^M B B B *fir^^-r^ 
(,zitix^&ti& : L$>&. 

[ 0 2 2 2 ] A. $>%igh<Dii } & (ft*«3 ) H££HS& 
£«ttH0«£*&flT. HfflcT)^ (Z. Y) fiffiig{£?) 



[ 0 2 2 3 ] B . JfIfflc7)*ie B B H gPi:ig B B B ^ffi<0^l»* 

[0224] mmxMk-sffl&niK mm^msa»b 

IK00 0 1 >m<Dfr'&%ct&tfm 0^3 MtfifatfWj: 

[0225] mg^&£^HattA:£ti^ JiH^ 
mjs^ajt ikoooi >«i^r^^^fi3!)< iso- 

-eft*, tti. *n®&<ommxMm-£ffl&Hi±Mmfk 

WhX'L i < . < 0 0 0 l >«*(S]c7)^ B ^r{ii*»* 18 0 

[0226] -eco^-Jii^S^K ^^i: LTrt^T 
( 0 0 0 1 ) G alk (000-1 ) Nffi#5£lc3:oT 
V^S. G a N{±SKSM^tt*^V^T% [0001] 

[000-1] mtmrntz. 

[0227] mmxmm^mmui)<. mwc^mm^t 

[0228] mmxmm^mmm<. mmvmmtMt 

[0229] mrnxmrn-^mmmK mm^mm^t 
imttx?m^fcx'i±wt>tix^z>mi!ri>fo& (m&m 

9) . 

[0230] c. mm^mm^tm^fj&.^m—Th 
z>i§r&mmzMM&MMmK mmcomnikt&b&i&j 
mm-Th&mm&X'&ztf. mw<7)*ms l ®tim 
ttxmx'i±wt>tix^&m£i>h& ammio) . 
[0231] mrnxmnizmrnHfiK mm^>sm^t 
^^mm-X'h^mm^xh^K mmcoMm&m 
tim^MM-&*x'ik®t>tix\ l ^mitt>3>& (a* 

JBl 1 ) . 

[0232] [ mmxmm^mmu^mmm. ] mm 
xtmsmmH coftmztemzts&xmwz v ^. igfirp 

C7)S^>. a§ i t ft . *ft#T"ft 

tfto, ftBnfcsimwm. Mttxtmm-stbx'h 

%> ^ t i>$> %> „ 

[0233] *^^^H^P(g*^«^H«i. MHom 
^ B B B ^ (Z. Y) i:(i-e^WgR^^THttXPSf 

(if^JSi 2) . 

[0234] i&UlJ. *HHa<OK0fcXP^#M^H{i. 
^HO*^^iS (Z, Y) i:(i^^«^a5tcfcV>Ti^ 

««fc*-5TV^ (11**1 3) . 
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co235] *mi<mmxmi&m&H<o&sfc&i 
tt^^xmi. mviXffi$>hwmDtz.mx'$>h z t 
f)<^ mmn 5> . 

[0236] immxm&mmnomvn mmxvm 

&ffl&H<7>W.mii 1 /xm~2 0 0/i mT* & ( ft * JS 1 

6 ) . ztumnwmz x ~> xwwzmm-h z t #-e 

[0237] ^£iif£&tr*?ng^J*&ffijttH«<K 
y h#l£lFtE.LT^&Zbtf*>$>. ^<r>W&\t 5 // m— 
7 0jumT"&->T (fftRJfl 15) „ HI§Lt<±2 0,um 
~7 0;um#$f£U^ (IS^JSl 7) . HybfttV^ 
t T jSftfS fc ^ d z b £ mm t fc i i: or 

[0238] SISlftHtfc^T . WMXPSSl^HgiSHtf 
^FSSrC'£>& (lt*JSl8) 

[0239] msmmtza^x. mmxmm^mmn^ 
fwvs>& (t»^i9) rttM. 
[0240] msL$miz&^x. mrnxfrnimmntf 
nmx-hh (tt^2 0) zbi>h&. 
[0241] mmx?msm.MH<?)mm±. n<vmt* 
mihf&syktt. ®mm&ct'iz£^x%b& . 
[0242] im&mfgcoftm ^mwomittf y >>a 
&mt,z*5^xm&®mzmffi . #*s^sK{asi# m 

KJi, 5X106 cm- 2 jaTTJboifc (IS*J12 

1 ) . 

[ o 2 4 3 1 § £> (a«b&>< m.t>9>< t . mmxmm^m 
mu<Dm«j£® <.mam&{mfmmz > 03 0 

KlrtOlRWCtts MRft&^D^;^ 1 x 1 0 7 c 
m- 2 ^3 x 1 0 7 c m- 2 ofH»5f«IUfc$#l.ft .1 

(M^JS2 2) . L*>U £*l*»<s>«h.&fc*tf>T 
KfiMffBEWKVU 0 5. cm- 2 &mm&TcOTm&M.t> 
ixt. m^tZ^X-H5Xl 04 cm- 2 <7>jmi>M.t> 

[0244] ^mmmiimmxsmitffl®Hfrt>m 
£jS2 4) . ztia. mmxmg&ffl$iu<r)$a&<7)m t 

[0245] ztn->m&&mt* mm=?mm. ( te 

M) „ #V— F/l'SJMrXX (CL) N X7fe»;hf 

k(epd) aeg^r ^ fc i xwmf- -2. - 1 & . 

[0246] [S^co^ii] *HWfcJ: 

BfiMTU ->Ac7)«^|6]*s< 0 0 0 1 >*tpJT'*) 
& i: # fcttfcSBTT* o40 ^W&J&S^ffitf 

(0001) ST-S>0. * i oCiS^aMi:-ri>«J: d fcflj 
OJt't^^-fcr^B^fe^JKJi^S^C^ti. (If 
*jf24) . ^«^*R«*fiflyy'j^AfflR<o«iii 

(iCB (00 0 1 ) X'$>$>. 

[0247] im&tmf&rM *«wofl«gaaflyjr 



-£\ mWlZlZ~7T*:-y r-H^&£>Uv r-£I!c£<^Jft 

Lfe&lAtr -y h*Mztffr^xcmi,zvmz&Wrf&fr 
L>*'£y^8k4>-t&. yr^ y bBiDSrStr-y hti^fe 
*'l>ffffl (Centripetal Function) 

XAtct ^xmft&#£*mmxv&sk&mmHizm#z 

(Centripetal Distribution) (ff;J<JS2 

8) . 

[0248] mmxmm^m^n<m^m 

^mx-h^m^. mmxmm^mmmm^^x'cm 
■xmz£ : <mj c x&&-t& (w*3S2 9) . ^tomm 
xmm^mmmtm&zimLx^&. *mm& 
miz&^x. mmxmm^mmH^m.^mz^nizw 
x/&frt>x-fo&. tffr^is&G aNm&Lcommtf (0 
ooi)i(C[S)T'$,sii, mmxv&m&immi 
9&s&mtzmuzmfix^* (ti*«3o) . 

[0249] ^m^Bl^immizy r-t -y hWfr 

•ccafl**** . t&bmfflmLmmvx^m^mmz 
&^mzt\HL-th$mw$ih. ^mK&Wjfttfc 
wtHfax'$>z>i%&. -e a Lxx*%tzsm%mm± < o 0 
0 1 ) mzmffit-tzmittfyy^mwix'&z (it^js 
3D. h-h^AMrnxm-m^nrnm^mikt^^h 

-^■m^H^ia^mssBi^i: c«&*[b]k iso- 

LTV%i,J©-^C{i % -e^gCir/imi (000-1)1, 
-r**>S>G aBBk^rS (8WWI2 5. 11*312 6) . * 

V^gH*«4t, «=Ffi<=5r4 (1**^2 7) . Ztl 
[0250] [K«MfSm^^HWN*^-v] tzt/tz 

im«fzt>K mmxmm^mmHcommmmw\m-^(o 
* * - v * z z x-m k> m Lmmt h . 
[0251] ^bjog a Njsati, mmizmmizm/ 
xmz^m.'ktifflMxmM&mmH t ztL^m^mz^, 

x'h&mmik<&m<&&m®Y t frt>%&m*tmfo£~ 

%-<xLbLX^2>. -m^T'i>ctV^\ Ztl£MmiEL< 

zmimLizi><7>i>*miv>GaNmm (11*3132) 
x-hh. 

[0252] -ttmizmm^mm-hw-isii. 

4ofeS. T. 60*H5fc (08) , -< . 4(H*f$fc (m 

9) . »7. 2Ia]*f& (010) . x. 30»4-?t 
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[ 0 2 5 3 J [T. AGWIfc^-y (08. 

3. 34. 35)] mrnxmrn^mmn t *«ojana«># 
tz&i&mmffimz. Ytfr^&mtmmz-m 

«r*Ui*WlfEWC*S <II#JH3 3> . 

tpwf fc LTaKi . sage -y hti^-ri, fc lt a«w 

[ 0 2 5 4 ] iEH^BcOfflO^-pt O^St-y^- PCD 
?j\i>ltf<l-lOO>lTftk%&J:otzTZ& (W^IB 
34 ; 08 (b) ) . t7«g5dtntt7fii 
P = dT'£>6. 5SiaL£&$ffifltft^£ttttH<?)im 
h£j£<T-£S. GaNcOftPMMB {1-10 0} 
•C25-S*^|6Jt--r^i:<l 1 -20>-C$>&. <1 1 - 

stu^^ttw. smkw&t&ifftwo&Lv 

[02 55] lEHftJ^HU^fflO;* 0 S«t -y f - P O 
^■(6j*i<l l-2 0>^-(Slt^rSJ:^fC#-S (HfzRig 
35;I8 (a) ) . tf 7ftip= d-C&S. ifgii (< 
11-20 >#|*HK:fl»f Uc ) b # aHttXM£&ffitt 

HoHHhjWKv^. mmxvmnrimH^mz. h= 

>y^q q = 3'/2dtW. 
[ 0 2 5 6 ] H. Z . Y<0Wiiai*lt«W&. JlMgAffi; 

tfm&tumt. h . Lj&^lisi^z t n<r>m*ztix'iz 

&t$>%\\ ZtHcr>zmcr>ttZ§ t-th (f >1 ) 
b. 

[02 57] Z : H = f 2 - i : i 
Y: (H + Z) =2X3' / 2 -it : n= 1 : 1 0 
[0258]t$>S. #iga B 0iRlK^«i«Y^t $fe< 

Lte&ttX'bv&mmtm^. mmiki&m®.£mmYcr> 

[02591 c-r . m\°m%v*?-y (09. m?£M3 
6. 37. 3 8) ] mmxs&m^mm k^mm<om 
msu&ummmmz^ Ytfrt>%&m*mm*z-w 

&tzm®xfm&m&Hff< hXo zsm ttzh<ox-h 

h (19^13 6) . 

[0260] JE^OfflO^ |6]#< 1-10 0>Jjfab 
ariidfcf** (tf*iS3 7 ;09 (a) ) . e«yb 

Efi^dt^fcb°y^{ip = d-c^i». mmttitz 
( < 1 1 - 2 o >ufaiz®m Ltzt*) nmmxmm-s 

ftttHOfflHhttlfc^ (h = d) . #tl!Bi:ffiz£rt£>;firfa 



<O»03RLt-yf-qt.«{V> (q = d) . 
[026 1] ]EJ}B<?>tt#&<7)-1}fatf< 1 - 1 0 0 
ftb%&£ol,ZXZZ> df#J|!3 8 ;09 ( b ) ) . f 
■yhW&Zdb^-&b\Z-y+l±T> = dX'$>&. ftiJU: 
b # ( < 1 1 - 2 0 >*[6jfct}J»T US # ) ^)BW»JB 
ftgttttHOiaiMhUjftr) (h = 2i /2 d ) . gS§8i 
W&-t&1jftcr>m')ML\?-v^<ii>!Z^ (q = 2i ✓ 2 
d) . 

[0 26 2] H. Z. YcoMl£Jt$H-6 . 
[0263] Z : H=f 2 -i : i 
Y: (H + Z) =4 — 7F : n=l : 3. 66 
[0264] T^S ( f teZt H<7)¥&<?)ifc) . 

HHSfc 0 iEfrJBf- y 7<?yf>M * Zfm-t h <Mzft 
[0 26 5] [•>. -H«»/t^-y (01 0. at^9 

3 9.4o.4i)] mmxmm^mmHt^commco 
(is^3 9) . fkJj&wMtmmwitz s t-t 

h U>1 ) . 

[0266] ^ffi<?>ffi!l<7XH\fttf< 11-20 >^ffi] 
k*ftj:a*rc*«. (H«J|4 1 ;I10(a)).K 
•ybW.m£cib-t2>bm!y%facr>Vv<}-iip = dX\ M 

mjTfacr>¥-yi~iiz dx-hz. mmifcb* «n- 
2 oumvumLtib * ) ^HMKMas^awH^na 

lighti^v^ (h = d) . ^fflti£3^.&*[p]^0jgt 
f vf-qiiJE^ (q = ^d) . 

[0267] ^^^®fflO*|6lJ&i< 1-100 >^f&] 
i:tS<tdfc-C#^> (f»*3l4 0 ; 01 0 ( b) ) . t 
•yhW&Zdb-f2>bmmXft<7)V-y?-i±P = (iX\ * 

ia^faoe-yf-tit d-e&s. P^L^h# (<i 1- 

2 Q^ftizmmhtzb* ) ^KiS^PlSm^MiSH^fa 
Prahl±^V^ (h = fd). ffPltm^-rS^faOiliDSE 
LtT-y^qJittV^ (q = d ) . H. Z. YO»fflt£it 

[0268] Z : H = f 2 -i : i 
Y: (H + Z)=4£-7r:jr=l+4.66(£- 
1 ) : 3. 66 

[0269] xhh ( f \tzb Hoymoit) . 

^H^HHiJAtfOiE^^yT*. ^Jgf-vT-OT/N* 

[0270] [x. HBfcffj-^-y] HM^iSS^ 
^Ht^^ffl^m^<£lK{iBif#^z. Ybfrh*£ 

zmxtmrn-mizb Lx=®fmiz^& *)mm<& 
z m^jE^nmcom^zmmxmm^mm h # < ^, «t 
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[0271] Jttft&comojjfalt ^Mt^yfpO 
1j^<l-l0 0>^b^:i>XoiZX'^h, iE/vft 

»oi<0J^4 D&Mtw f-p<o:fr[fi]#< 11-20 

[0 2 7 2] H. Z. YOBr®«^it^-r?». JHISAffl: 

ixtfikt $>. LfrL m>be> ZiH VttteZtiX'te 
ifc££>&v^ ZfcHO¥S<7)Jt£# (f >1 ) 
b. 

[02 73] Z : H = f 2 - i : i 
Y: (H + Z)=3x31/2-jt:» = 1 : 1. 5 
[0274]^. m*S B B B i£feffi#^Y^J!£< 

j£v * b t^tf^ W xfBK* -T h ZL b frX'% h . 

[0275] mmwmizmmvmm *m\<nm 

£KI±. 50/xra~20 0 0^mt'*l. (18*354 

[0276] immxmmiirmmmmfoznm-t&z. 
bi*mi<Dmittfw&mmz&^x. mmxs&mat 
«WHttcwsrmc*<#trc:v%*. w^ps*-^^ 

[0277] cwam<am&j8Mm*b&, mmxvm^ 
(H*ja4 4) . 

[0278] ja±cKWLfc#tsjuwb«f u v^m®.* 
[0279] a-ft^'u A^jsjor^tov^Tii, -re 

tRWLfc^afc, HVPE. MOCVD& MB E 

s= N mocs. mmifihh. *$tW(oi?miib"<7)§m 
jmzm^x i>mmtz>zb #-cs & . 

[0 2 80] 

[HtfiMl [SHfi«l (-r^y-f-lrffiK. HID ] * 
»B^GaNaHR*»&^**a (HfiSWl ) Sri*"*. 

^WffiIjS5 1 fctefflL*:. 121 1 < 1 ) (it7r^f 
^WR3 l^@^tTV^. t7r^f ^IH^TfiSR (Tr 
igonal symmetry) X& ^ G a N l&Kjjtm7feliZ!gr$~ 
6. BttTjlffllfcSft-O^LED. LDt{i*^t7T 

[02 8 1 3 t7T'ftiS5 HC?tf>MOCVD3: 
(3Tfl£&JKCVDft> (Cio-C. J¥S^j2 J umc7)GaN 

x t'Jf 5 2 * WlWZ. . G a N^CHKSr 

4. 

[02 82] GaNxtfJg5 20_tHC. S§100n 



?*vvv7^y 4\z&^x?m<r>w < i9-y^'5 
zm&Ltc. m*? b*fj£zbi>$)&. m 

<1 l-20> (a;fri*j) t=Sr?.J;etc<i 3 5:<fc^iS 

pi&mm 5 3 btzh . iEHft^iasiHs . 129 k 

^•T i d ^[niM^ieai:^^ . ^*ltiC®±cDG a 

N*«^iu*f»Tr*4 - 1 izttrntz . *<o*yB£H 1 1 
( 3 > t^-r. 

[0283] m^-yittmttfcX'hz-hK vm&ft 

<0W&b , R®«otr -y f-Sr^fLS *t<Jc«7)4 WH^vc^ 

JE^OitSi:. mm<Wv^- dEHftJgSS^) fiifcO 

[0 284]A7-yA R^gBS 5 0/tm;iEHA 
JK3a^ 4 0 0^m 

Fl&m£2Q0/um ;jEE£}1&m.M 4 0 

OjKIfl 

0 Mm 

A^-VD R^a5@3 0 0^m ;iESft^aft2 0 0 
0 Mm 

[0 285] Ztlfrtiom'*?— B N C. D$rt 

■^um^yy^A^ b. c. Di:Df^;i:t-r.g.. 

[0 286] ( 1 ) -*r>7)VA^ WDV&cni&M: 
M*?—>A$:l>~?-y->'7°Jl'Ab. W*9 — >B^^O 
•^^r/PBcoilcGaN^BlSr^S-tirTt. fi)t*ffii: t 

tuHvpEMM^t. Mfk<7>Kmmmm±3rtzG 

B i^T^lzm^X m t^ftT-G a N j£*$i£.g) . 
[0287] RlE^±^r*^7KS^*X ( H 2 ) bH&it 
7i(.m (HC 1 ) ^XS-Ga^-Mc^-TS iefc^r^ 
Tt5 0. Tf'E—Ttfx (NH 3 ) tTKS/TxSrlf-feT 
?lzmittzmfc<OWj£'^&i&X'£ 2>i.o lz%~>X^Z> . 

[0288] 1 R^jPii^flti: tTG a ^ 

- hti8 0 0°CJiJi{c:jD»L^:. t7r>ftltli 1 0 
5 0*CfcJnfl»Lfc. GatHCltGaCl *^fi!c$tt 
4. GaC iifT&LXmmr&Z-m.'OTyiz-TtfX 
b&m-fZ. Rm^MSX'h^GamK GaNl^ 
^-i/^^M 5 2^«5 3<50±lClft«-r^. 

[0289] xtfjf^^ms^iiot'fe-i.. 

J^^fflg 10 50-C 

NH 3 ^-JE 0. 3atm (30kPa) 

HC1M 0.02atm( 2kPa) 

j&Mtifm i OBtRg 
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[0 2 9 0] ££>j£JK3@4L ^?->A^ /*?-yB 
<n±J,Z. 1 200MmJS^<7)GaNJ:tfBfri>-3it-9->' 

r;i/A s -vyTfrBtfnbtitz. mil (4) ti-ecotf 

JgSr^LT^ft. 

[029 1] [■y r >J°)VA<7)W£k ( SEM, TEM, C 

14, j£l2ftit^7T-fe-yh®5 6j!>»£>&ftt:-yh£— 
B(z#LTir^. 7r-fe-y hffi5 6?!>>A>&£>fc:-y Mi^ 
«LhcaH!iE L < ffifll l/C v > £ i k imRWmtz «fc o 
Xftti*->1z. 

[0292] t-y hc7)iE?iJc7)JHlH4(i^a6c7)VX7 (S 
W—y) fc— Scl/CVvfc. U>t7rt7M5 6i 
9 3rft tf y h 5 9 Ofira(i^JA6t G a N)IO_Lf;r 

ii:85 3c7>filh#tr-y h4*fr5 9*fk^d£kT&ft. 

lz&J£ <fc 3 fcSrft . -e?)IEH:ftJgJi— ffl#4 0 0 // mt 

[0293] *ryr)VA<r>m.mzWx& tr -y hcoi:@{i 

5 3 ( s i o 2 ) co±fctr-y hfr'RSttftofcJIL 

•y b am vztm t r ^ ft * t> #a»ft . 

[0 2 94] <^55r<fc^iSa6^0)gLjEH^^]l 
£lc*>£3rft <k o tcsy*fc» ( R^gP) 5 3 £4"i>k L 
T7r-t7M5 6 J: 9$: ft tr-y h*«*ftUv^fci: 
v^cktfci. Hll (4 ) iciswt, I5 3«±t 
ft "9 IMfcOf y h d^^tr ^ . ft 0 ttttt -y hOJg 5 9 
»i^^fflflt30«m^«l«5 5 (H) fc&oTWS. (ffl 
»£RS&-&fg*£ 5 5 «>jna«>9HHI 6 0 k & 

ft) . BHSt-yhO«rBt=ttTiI«5 7ASSstf-ft.. 

m^+5m.<m-frX'b ft . 

[0295] a»5ri$ftft <t 3 OBAfttfk t -y h <DW 
»C0UT^i5iSf&^^ft . *S B a HO^tc{i, 35 3 
iiOitcjSftt^aJ^fc-f-dT^rV^WJ* 4 **. S5 30 
±t=Jft* Lfc»#*«BJ«KW*£«« 55kt-yMS5 
9"CJbft. i*U&«ffcfcJjc«03fth.ftjB«"C*ft. 

u >y h 5 9 tfmmxffiMizmm s 5 1 * o 

8W"ft k -e^±T*^S8K0fXFlim^fS^f:=SrftOTS) 
ft. «5 3 ( S i 0 2 ) ttGaN-carlrVfr/bJfcftj&^K 

&9*^*:#>i::.r,r#b*-y b<oig5 9t^^o-cfcft. 
t-y Md^£*W>&tf &jfc£#*ffr^ft<a , C. 

k . ^^Pfim^-^5 5 £ . S 5 3^1TC-^-0 
ttJSSr-tft^T&ft,, 

[0296] $ £>£t*>y ^M^M^itTKJ&ilLfcgff 

a <z> cas-rft. 



Affi&fiUttiHHttZ 5 4 - f>y bffi^M5 6 k ^d*f)£ 
#£>ft . f y h k t y hCO^rg fc-S*Hc¥±aifg 5 7 # 
aft . 5 7 c7)iSTA J #iS H B H iRKfi^iS 5 8 k £• 

ft. *<o»#t>JW&&-c*ft. ±T*r6jtc«P^-m^ 

JH£l£fifcfclg& 5 8 - ^fflSB 5 7 k U o X o Kftmm 

^ibft. 

[0297] mmmm^^Mi, 1 2ftP)t -y h 
IHoBra^ftfi^OTiBaJS 7(4^-CMffl«<7) (000 

B) mil-22)I, (1-101) mcDM&t* 
i x v . § 4> c tr -y h <Dmzii^>nm(^^ *y r -fe 

•y h®5 9*«fiRfiEL"CV^ft**««T&»-9fc. -»fyr;UA 
Sr. {1-10 0} M^ItiH L^. MtSilS 

e«yhc7)Bfffl$:ta^L/i. mmmmit. 

i(SEM) k^V— HA'S^-fey-X (CDtiot 
[0298] ^OS^^IItf <y hJS5 9c?)TC{i. 
ft , fl&COgP^-k ESIJT' & h Z. t tfftfr~> tl 

gj&* 4 0 // mmX'$> ~>X. CLti-oT. fl!l<7)«i|g(Cjt 

uttt mt\x% fz . $ <i t««^a5*T'Mi3-r ft - 1 1= 

[0299] $4>(CtT-y h!&5 9lzWi<fe.Vicr>gffi-$:C 
L (*y-h';US^.-fe>-X) tTEM (SiSfl:^^t 

tfmcD&fr t m l < fflit-r ft w**»^> ^ . o * o 

«^) {Sifc^-<c0te{4* J ^Lfc„ iKfi[?&S-Cl 0 8 ~ 
1 0» cm- 2 l><7){S&&m%.X'$>i1z. 
«O«TO6 0 (f^ife B B B ^K-rS,2>C fc *«*«&»ft ) 

[0300] mmkb 0 (£hA&#K ) tcj; -o-Cffliix 

ftawj-5 5{^ 8 s B xPiiom-&'es>ftit (^ 

0, W5E5:^ia6 0-CHiftTV^ft. -edT-f-^^- 
5 5 S k Dfcfc. XW**tf« S k HtfXF(S» 
^*T-S>ft^#IS (M^m^K) SrW^TKM^Pfi*^ 
SiHtPfiiCtCLfc (H = K + S) . HM^Pi*-& 

ttKtffiilLrv^ft. -e^T^lCl^ffe^KSiJ-rftik 
^^T'fcft. 

[0301] RUgKffi*£ftttti£01 1 ( 3 ) C0U5 3 
^±{CT'# ft*^fflM^Pi*-^^0&g$r«^{c$iI 

flw-ft**«T»rei-cftft . zcDfflwzim&tffe^m&zm 
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o. m-dsnm (immwk) ^m^mmz^x 
it. mmsmm#>xm\ 04 o«*»*at3RCi« 

miz^^xa k> . tm®.<nm£< x-a. ios-io' 

imm^mtih az Ltz^xm.\mmm^ lt ^ 

< . 1 0 0 ummg.i>Mti& t . 3Sft8?£ti 

! 0 4 -105 cm- 2 ^i,©TLTV>&„ WMzX-y 
Xte.m&WL(r>j£< T'&Eft^Jgii 104~l05 C m 

•y hcr>^b5 9frt>mn&izm^xm®.®m±Ttf'>x 

[0303] -€-c7)g5^c7)«K{a{i^V^-€-OE^[6j(± 
tetA,t'Wcmiz¥?fX'$>&. CBSfc:WC*oT L* 1 

^vmm&miizH\vx:m.m<rtmt$s 

[0 3 04] o^O-e^^VHtido^acii:?:^ 

t r ^ & . msm.<r$vm<7>xmz&Mi 1 1 & tz ? T -t ••/ 
mmtm^-L. mzmxwmimmmwx'hh . m 

mar- h § h izXM&ft&ofc s £ TAS . £ ft 4>S£ 
bte£tZibfriX^%\iK 

l0 3 0 5)MRMc0W-&t\<^Xl>MWX'$)2>frt>. 

zcr^m* t ^xMrngkimmmt wj&z. t tut 

& . 9 f ■•/ t> OfS^fM 5 6 T^liS LiZ&tt 5 4 
t » tf >y f OPKIScO^ffllfl 5 7 #ii3£i Llzmtt 5 8 (Affi 
>i-t& t COT'S) b>y ^^lai?^M5 6|^:TgM}•54{;i:7• 
r-k y M-flHTjSSLfcdfcfcioTfflitefifcSroT 

iz) &i£thz.t\ l z±~>xmz.hn j frxfoi>. 

[0306] W-W&Utt 5 7 ( CKC^frSriiBStf}- ) 

<7)i:T<7)^5 8n&i>im&.x^xmm^m^Mcr> 

tf?T*L-v hW<7)§^lz£^X1&&ffltLti3l>ttT$> 

7r*vMiR^l 2^£LT±^#tfT«9>< 
*^ if 3 LX i> £ft<mfrim& . H*tf)jEH*3#fc: i 
oT 3 Fiii*<*«:<«d*36 t "C#*t. l*»tf>jEAftJB 



[0307] L^LiEl 2^ J ^n^J;^-Cii 3 FBS- 
<45r<Soi:V^W±-e#^v\ £3 L/C 

otu3. m-^mconmrnm-tz <t 5 testis* 
^ t lx i> -v^m^imh . *o«fc a srSfcawa 

SB 5 7 iOTO 5 8 ^ S 0 T'S> 0 *^^ a -C 

#««zi:i4a3. Lfri,m&w{sm®x'h'<)!m&T 
$>&£.te**m.x'$>&. 

[ o 3 o 8 ] o4 *)±g a N^ffiTti. mmxvmi* 
comx-foh. 

[0309] T=H+Z+Y. 
H=S + K 

[ o 3 1 o ] £ o LxmmzimLxgi&eomqz l 

tl. Zillz£^X*¥£W<DGaiN&it&mmW£')Wm 

[03ii] $ ^ izznmmxvmitfmii t.v?h 
rt«7r-fe ••/ hW5 6<7>mmzn^xmmzmiLt:. 

ZW>/ht:Bf&tZ>7T-tvhmiZ (11-22) 
{1-10 1} WWZSik. ^oT±3 K> . t -y h^Jg 

[0312] D»cD*Sm. i 0^ B B B ^ 

o^-e$>^ig B H B !K#K (60) xh&. *ryy)VK<n> 

[03 13] §ttcM«av^7r^7M5 9(l b° 
•yhmcOMfflfrt>J&&.ZtlX^&. ft&com^7T-te-y 

htemm&X'te c iirtrrnjtcWTiteHl^K iz&^x ^ 

h , n^m^y r -fe >y Nffiti+'CvgPTJi c «d6rftfc:<0 

i». SSoSMhif^aPlfcWftv^ 7t^7 Mill 
-22H. {l-lolllCiotfybW:* 

[0314] *mW*mzy r-fe<y b2r«J#L^A^fi!c 
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r t tfm h o T § . — SMsS S t &JK L T \ ^ 

C0 3 1 53 [.y-yy°)\sB<Dffim ( sem. teml c 

L> ] ^>"T;WBtCO^Ti>SEM % TEM, CLfci 

L^yr^BX'itmmxmm^mmu^±^ $*u 8 o 
o umTh^tii^wimm-A^xh. mm 

[03i6]$ ^iz^-yyjuBcommxmm^mmH z 
mmizm^fii. mmxmm^mmwzii^ mnomuk 
mmz. YizttLxmmmLx^&mtfttfrifz. mm 
wm&mmHvftmz&^x , Moa»£Di£ B B B 2rftcD#i 

[0317] (-^>7°/ua. ■y-yyjisBcDtoj:) *rvy 

^SJ^<5D^#$<7)GaNS^#^>iX^„ 011 < 5 ) 

&mnWTiimmxmm&imK (55)t. 7 7 t 

95 (Cffi) OHTFai5»*4JMSJMia6fii^«J*Y (58) 

(5) {i»iffiii^fA^ia3ijLTffiv>T^s*\ timx?*- 
tztfr&xfyxmoj: o iz—m%mmmz-rg%\ % L^m 
mx-i>z<?>&o%m\m#frL>%;\,\ 

[03 1 8] KOGaNllilt $m* (000 1 ) 

mmtf3>hyxhtLxmmx$&. GaNoA^K 

«Bfc5£V\««<03 6 0 n m<7)3^T'C LjS^-T^, t . MM 
KB*-&««#4 0 0 At m tf «y IE L < JLCTV ^ 

tx$>&. 

[0319] ttzmmxvm&mmHim^yhyx 

hbVXM.x.&mtf£^tf. »:iot«BB5iuy 

ttffoh. HJ3§^ iir)t^-jnCL««;i:T*») 
*l«l«SPCtt£: < -«T* 0 i§«E WCfc S . Sftftii 

k ^t^ommtfitix < h<Dx$>z>. 

[0320] U s L7rt7 hObf-y hM5 6(aRwr 



ziyb7XhtLX&z.h. 

[0321] ¥ffi#5 7<0TO#ife H B H <S!|g<a^^Y(± 
ni^rjyh^xhi: ZiUicmti&kLizM 

ttx-foh. cuzx^xmrn-tht^ybyxhizx-o 
x, tsmzn^mmxvm&mmH. wmtiP&un* 
ikim&Mfmmz^ m^comm^sm^mmY^m. 
m~t&ztifix*&. 

[0322] mmxfm^mmmtcmjj^zm^x^ 
& . mmxmm^mm mimmnkznm txmimm 
izmmzwir&hntLxip&Lx^h. l*l&0<6 
mmzKtfm*. ^x^z mx-iz&w gmt-mttma 

X'bh. CL(:J:ot|]J6Tl^l.a«t*5. L*>L 

mmxmmsmm h <?m®& , ^tcokh*^ 
txmA,x^&i§&tfhh. mz+ryytvMz^xte 
o. 3/im^gnA^^ii^. ztiummxfm^m. 
®h iz& ^xmmm^mmmmzm^^m^h 

[0323] ¥ffl^WKt5roTV^*»^. Kite 

TEMKJ:oT80§r^§c: S. La*LCL«-C 

ffl&-?2>cotfWci>m^>X'h& . 

[ 0 3 2 4 ] C LmT'iiSiltefitiBgV^t LTt^$ 
H<Ort»tjeME(^*+LTV^y3&*She(»ofe. RMS 

^pgm-^is h Lxmmz&A,x'^ 
[0325] mmxfm^mmun^-yy^AXit4 o 

Atmtg (S{A5 0A«mE@) X'J&VzlifiM. ^F^MX 
h-yfz. H«KB5$^«l±tyr;P BT(i lSO^m 
iSS (ffltt 2 0 0 m m ) -cs> •? . ^^^^r^^-e 

fS3tW^)S. fLTW« ( S i 0 2 ) (7)^$^ 

[0326] -if a . *rynvB t h izmmxmm 

hWcvh lz Ltzifi^X Wmsm&S&th . *H9f c i r> 

xa. mmxmm^®Hfrt>-t<'iz$z{iL®mtf®M-t 

&rm&Yl l ZlS^X 3 P&)CO&G.&mi 5X106 C m-2 

m®x&mm±cmiz¥ftxwmx?m&M®Hizmif 

[03 2 7] 1>->T;UA. B(?)GaNlS5: KOHtJqS 
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sm. k ztuz < t ^awa*** & . k ^ a r k i&mmxmm 
itm.®Hii^ g affi-c^s (oooi) mf£tr&&t< 

X (Xy+y7$tUZ<\,\) , N (MS) fflT&S (0 

oo- 1 ) sjk3r-?T^&g&#i>;£>&. kv^difc-c* 
i(oooi) mtifr*)X'^v j )->7'i*ixi l z< < , $?gi 

XHafe^««8i-atStt*«RllKLT*J OSS® (000 
ZtUzttL. iJ-yr^Atco^-CSMBCWSWi k . * 

0 0 0 1 >*folz 18 0' aM6Lfc4t*SI&*»4>$r 

0 0 0 1 >JjftlZ 18 0° aM6LTV>*3WKR<Ott*K 
#>4>&&k^i&S^k:^l«Ui. <Iix4,cO 

(i. {11-2-4}, 111-2-51. {11-2 
-6> . {1-10-2). {1-10-3}. { 1 - 

1 0-4 > Xhhk^JLhiXh. 

[0 3 2 8] V->T)VA (ig5 0/im) „ ^rVDVB 
(l@200Atm)«Ga KWmtWmK'&m&m 

T**. *«>:*:& nffliStt. sawaait-&««H<o^:& 

§T'&.g> (4 O^trnk 1 80jum) . ^i\\m. ( S i O 

2 ) «±l §{: i otf ; i: S . mtKffi 

[0329] LfrLz&^b&vizmmxfm&mmH 

H#-e&^t«M$it&^k^d£k#£>a. -^5=5:£ 
k7r-fe-y h^tJ:oT^FilS-ff#*^l»kV^^k 

[03 3 0] [Vyr^C (ig2^m, bf yf-2 0ju 
m ) ] 2 p. m&c7)8£ 20« mfflcoJEHUBcOTI 



m^yy>vA. BkmmtznvpRmx'^^^o 

kLtz, t5i:2MmM(Si0 2 ) tfMtiXL 

ikth k^oXo %mmz%$,%fr^ti. *£*>4>«5 3 
W-5T7 7t7 h4^£&^SC:k**T#>5r*-o 
Jt. ^y^A^r^r-fe-y hO^k^r-oTL^-oJt. f 

[0 33 1] -?-iT"HVPEa$r^>i6TMOCVDaiC: 

z&k-fvum ( s i o 2 ) a^tr-y h^±*>±*^* 

[033 2] MOCVD&i^IGa$:fi5f, Ga£ 

(TMG ; 3&#X) tr>t-7#X (NH 3 ; 
5S£#X) k**^ (H 2 ; ^>J-f#X) 
S. 

[0333] RiE^O-^-fer^^-tfy^C^Mv^r 1 

0 3 O-CICJDI&U IIMXi&fJIt3K : 5«Ufc= 

1 : 20 0 OTMLTGaN^Uffo^. 

jgte 4 At m / h T'£> "9 . . J&K8#ia«2: 3 0 mmX'fo ~> tz . 
1 2 0jum;gg<?W^OGaNJf £j&R£^££fc#-C 

[0 334] C:iXtC«J:oT«5 3^Jgkt^e«y h#<7) 

5 3o©Bfc-£grrs<o-et-y Mes^jffli*^rtgT'j) 
[0335] yyyfrciz&\,^xi,m<7)m.mz2umk 

t ^ittcotLT/h$ < TltfKi 1 ^ mWgX'fr -5^.0 
=5r< ^ S- t-^-x. S Z k tfX*Z h k V^a i kTS> 

[0336] t 7 f CDM&W 5 6 c7)T^)tgg t TmiS^a 

fiHKfiWflMRWz Lfc . e -y nms ^ t> Ziili 

'bZ^Plk&&. TEMWmizZiX Z\Z\tim£;®.X'%. 
%i&X'h &Zk ZmiZ L/C . t -y h ^c7)^Fffl® ( CH ) 

t>«ise'C^ B |-c^o^„ zcozoz&miv-yyju 

V * k V ^3 k <! h ifi^yy'JUCComWlXh h« HVPET' 

it^jmx t m o c v Dmzm o z k tz j; -> X'bz v 

X'Ztc. 

[0337] [-D-yT/PD (ffi5300^m, t-yf-2 
0 0 0/zm) tfDffcSr] 3 0 0//mS<50a$r 2 0 0 0 jwm 

a N^Srff o . CI tt{4SE@^# < t -y f - fc^tS 
V^iT-^-g.. HtT^-^yryUA. BtltCHVPES 

■c****fc . hvpe <r)$.%$kmm.<7>m o -e$> -& . 
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[0338] 

J&HiSJg 10 3CTC 

NH 3 0. 3atm(30k 

HC 1 #J± 2. 5X 1 0~ 2 a t 

[0339] i^Stiot. JS§4. 3mm«Ga 

nmmsam^tuz, ^yy^Diza^xn. iti 2 
rnxmrn^mmu ujhme l < mm lx ^tz . -e^^g 

^C0GaNJlOJit^L3ta ( S i 0 2 

9) 5 3?>{£Si:iEL<-gtL*:. 
[0 34 0] U^LS:*^ tr ••/ hBmzimtifrfr-o 

tz. t-yh <7){iBfrJ*iPtt#^£T'£> & . 

[0341] mm%mm&mm\±2 0 0 o^me-yf 

TffSLfWiS^X^ (8) 5 3c7>e-y^fc#L 
v*. %<r>£ ?%MmiEL^{m.lzfoZ t -y Mi[gg#2 

oooju mmmx-w. 1 2 ^#t<D*f m&^o i>v>i>$)'> 

fz. U>L20 0 0/imt7 ^-Cfi)T^Ofi[atcS> & IZ i> 
frfrh t>-¥ffitfm tm& f >y h #o3r# ~> fz i> <D t & 

V ) 2 0 0 ju mg^T'/Js$ V > & <9T'& -5 . MB 

xf&m-^mmmm&.mmtm^tz . 

[0342] L#» bWM^PS^M^S< -miTV^ 
ft^^frO^i^lK&^Jgti: 5xl0«cra-2£(T 

-c&ofKKfiT'j)^^. mwmwmfrt>nxtzi$iiL m 
izrn^ti^ > ) iz-ez tzmmxmm-&mmv>jmt,zte 

mx%<xnmmz%t,%:^bz:*>i>t>~>tz. 
[0 34 3] y-yznvA^Dtzz&mmzx-ix, mm 
?jm&mmnm.m± 1^-200^, mmxm 
mzmmzs-z-zm ■. ?wm cmm±2^m 

~3 0 0//rru mmXmM-&m®(W v +13,2 0 u 
2000/xrat^d ^ftt\ ■fcftttm&yi&Z ft& 

[0344] Lmtm2 (GaAs. S i s f7r^-V 
M:A7-yA. H (A+ELO) ; Hi 2) ] 

-f. (Ill) IGaAslI 

p. CI(000 1)t7r^+iS 

/\. (lii)isiis 

[ 0 3 4 5 ] S i \±¥4 > VffimcOitX&ZkX'h 
h. GaAs(iWW a k $£lffj£ (Zinc Blende) 

GaNtiT^&^T'&S. ^OC®(i3HI 
0K*fl3stt&*).o. idSrJBRU: (111) BiifcW3|s! 

^ftTS i i:GaAs{iH0^1±c7) 

din m<7>mm£m^h. ^yr^^iE.^mx 



Pa) 

m ( 2. 5kPa) 

cmjjfolz&mZit&tzibyyT-l^ltcw (0 

00 1) 5rioffe B B ^ltttS. 

[0 34 6] Hi 2 ( 1 ) ~ (3) CGaN<0KM 

zw^Ltz. •yyy°fi'A^Dimmmi<7>±.iz2umm 

^<0GaN®5r#{tT*^-7Xi? ( S i 0 2 ) 

&. HSm«SM5 1 tO. ljum/S^cOS i0 2 Ji£ 

^Ol!j5Kra^*Wr& J: 9^0^ttc7)S>^ 

[ 0 3 4 7 ] SgJSW2TfflV^*l*«5 3*>EK/**- 
>{±Afcy\°^-yH^-oT'&^. . ^^-^AtiSQfcW 

1 A7-yHli/^->A|;ELO (^ 
-r^/Hfcg) vx?£*ta^Jy£fcvvf:7'y -y Kffl"Cft 
6. 

[0 348] (^-yA) HJfi^!ll<7)/N^-yA 

(5o,amit:@. 4oo//me7f) t mmcommt-r 
<7>m&tzm.& sou m<DPi&%iz mnz i> <r>xh & . -r 

tUt-ttlim^m (^fi 1 9 : 06 ( a ) ) l±*cr>£& 

[0 34 9] (A7-yH) ^n°^— >-A ( 5 OxernH: 
@, 400Mmt7f) tELO-?X^5:llU;W 
-y H^rvx^fc-tS. ^N-^-^Ai:^dc7)(i. — 22 
4 0 0 //mOIEH^^O^S-S^t •f-*>]Bjfitfc:fi& 5 
0//m^R)ggPSrg{t^tO-e^^„ Cti{±MPSP<7)* 

(^agBl 9 ) tELO (Epitaxial Uteral 
Overgrowth) VX^SrWttS. E L07Xy* t LXl&k 
^OCOit^ 7-T7J\'*—<'<—7'X3—A$ : 4iTdt%l l Zm^ 

T*(i-5fl^4jum(7)jEH^Sr< *^<lfc#iS«>3t/^^ 
->-<T)]EE.1i}Bcom&l,zm& 2jumOH -y h^O^Pgil 

tMK J*?->ACD]E=ftBc?)~&<7)Jjjii\t : pmz%:& 
XolzLX^Z. Ml 2 ( 1 ) -CW*4 9fc:Mia»n*»4> 
ELO/^->-OH^$rB&Lrv^^ 15 3«:^ 

[0350] PSSMO±tii:^(C-7X^^-^-y^m 
-iM.*^ . fwMliGa N^ B o^(5tc J: oTgit 

/ ? - y A <Dt%r&iEE.ftBcr>mcr>1]ft £ mmiift t ^ d 
b \iZ~$~Z> . GaAs »£<Di§£(i . »g*-^]^< 1 - 
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i o >^-|fiifc t^r. y-y r >r *wm?y%&\±< 1-10 

[0351] V-y-rjVE ; GaAsit ( 1 1 1 ) <0± 
tefflgtO**-:*' A ( 5 0 mffigRg^ 4 0 0 u m b° 

v^-) zm^?-ytLxmnzi>v>. 

vyyjUF ; -^7 r^r-f^g (oooi) <7>±izm.miz 

A7-yA ( 5 4 0 0//mt-/f) £ifl^ 

-^>7;UG ;SiSS(iii) <z>±tcia£tc;**— f 

Hf^T^H ; GaAsS&COifclffiitC/^-yH 
^->A+ELO) SrMlfcttO. 
[0352] £*t^Ot>m<0-7X? &ft»tfc#W±B 1 

2d) tc^-r. ns6wi t&i<r>nmmmme>±.izG 

Ty^— T^-BE 0. 2atm 
HCl^-JE 2X10-3 
4 9 0'C 

1 5# 

A-y7rJf)J#- 5 0nm 

[0354] ( 2 . G a NltfOlt*) ffi«3j£*L*: 
AV7r «o±tc: H V P E miz X 0 i^STx b Jg £ tfctt 

TVt- T#fiE 0. 2atm 
HC 1 fi-JE 2.5X10 
ffeHiSJS 1 0 1 O'C 

f&^mm ii mm 

[0355] Z\<7)Zl 0iZi&i&X'^v7Tm$:. itfiT'X 
77l-E~H i: t>£j$*ti: 1 . 3 mmT'igaJfOG a Nil 

mmLxm^xmmxmm^mm. m&&im<mrm 

[03 5 6] [31 2 ( 2 ) fcKBBHSriir*-. 4^/- 
7/K7Hvf;h.i>7Tb<y hM5 6 h£Sl® 
K^ftWLTV^. by h+ifrfiHI (J&) 59ti. 
KS5 3 (Si0 2 ) £ LTlSftfcv;*?figfc-g-8:L 

t^. oto use^y i t mmzmmmm Ltti4 

0 0 // mOb y h- *<5<, H^Jg tT^ffi±l;ff?£-r^ . b 
•y Mii£ 1 2ftmx$> 0 «Mi*fc!±J: 0 AJC^hS ^7 

[ 0 3 5 7 ] a 5 3 *>±(C(iHff KHB&gffitt ( H ) 5 
5#$!#, -e<7)±^b--y hC0JK5 9h^r-5Tl^. by 

Cffl^^FfflH 5 7 WT#4U£i&<£IE&SfeMI£ ( Y ) 5 8 



jBjetfcitTft*. -f^r/uE-HKo^THiifefyi 

t m t «fc 3 iz H V P E mz X o X G a N OJl Sr^fiJt L 
fc 0 HVPE&iiRjE^<7)±^-tGa5fC-h^WL. T 

mtfXkHC l#x5:Ga.f-h(;fit^UGaC 1 £ 

£j&-rs. Gac \ &Tjj^s^j)mi$tifzmi.izmf& 

•t^&IZ^Xry^-Ti^LXGeiC 1 fccoK 
mi,Z£-?XGa.N$;&mi-&j3&Tfo&. -?X?0>±/\ 
G a N/n' y 7 r SSrffiiST'J&K Lfe&ffiB'CG a Nxb 
Jl£ff<j£JI$-»i-£>. GaNtC-O^T2SPgO^^$ 

[0353] (1. GaNA 7 7rI««l) GaA 
s.-^7r-f J \r. SiSt^i:*<?)±tGaNA'.y7ri 
£ifc%W*THVPEfefcJ:9j££$-£fc. ^77ri 

(20kPa) 
atm (200Pa) 



(20kPa) 
2 atm (2500Pa) 



(1. 3mm) 

wmrnz t izw&mx'ma£&x'$> o & . 

[0358] ( fffB'HJDl ) 7^E ~H tCflffiiJJIllS- 
Lit . 4 -f ffiffl LX . mmm®. 5 1T*WGaA 

sit, siis, -9-7r-r-v£«£issr*L*:. a5 3 

wmi2 4 y^-mmco^iaw-mMtycrimfctfmt? 
titz. mi 2 (3) {±-e<7)^5r^-r. ztit>mu±£ 

TGaN (000 1) ffl(CH) ^«fflt-r-g»SBJ^S 

®xhz>. mmmmiz e mmb&z t, ^xmmxmm^ 

fc» 5 3 . ffl-fftO«ffift^H(i 

^F^T^ofc. fflMXPISft^«JSH<7)il@(i^4 0^ 
mX'h-otz. Wtm^-y ( 5 0i<mlg, 4 0 0 

s i o 2 a 5 3 (viizmmxmmim&tf&m-h 

[0359] ^XFiim-^liH<0P ( ggPT'{4!|S{2^{i 
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(Y> 5 8. m^imm^mmzx-nm: 

&®mb%->x^fz. tvffi«ty7Kt. 5X10 

•y->T)UE (GaAslI) ; 

+)-VV°)VG ( S ilS) ; 
•^■>TJUH (GaAsi« ; 

[ o 3 6 o ] r&ofc. \^tLt>-Hfr%mz{mmtz%: 

"f-V*K <F) T'&S. WTGaAsHS (E) im 

&®mz&<~th. s im®. (g> {tfEffiffiwaflsjfltf 

[0361] SfetELO^fSSftffl Ltz^->TJUH 

? tC i ( EMSKKJItelRttH ) tEL OVX ? 

JgT'fc S .1 *>l^?a^ . 

[0362] mm^mrn^mm^^mhmm ltm 
iz$k*^h fr^zwmcoM^&m&imtmmz , mis 

[0363] (-^vr^EiO^mM) -tf-^TVUE ( G a 

us. ^fs-mzmz 2 &iz^x 

r>X^iz. -^yr/PE^ltScti:. HSS15iJl^^SCT2t 

+YT{iffi«ISfifc^:-?TV^ 0 LfrLtf-^r/l-EtfDko 
-ocoS^li. 7r-t? hffifr£>3r-l>t"-y Hi« 5 3 
C0±£IE L < X®tffiW{m.<,Z&J&ZtlX V VfcfrtT -y h 

SSSreis -? t OfrT# fcOJi^B^Sr^rfc £ . 

[0364] ( mmxvmormmzx < tvr^E > * 
W>7>i>E*j: t )^mt l zm'<.x&&b. tr-yb<7)jS5 
9 fc«< fW^^WH^ <t7r-b7 He: 

x^xmsf>t>tL&^ Kflwosawsv ^mmzmw-? x v <> 

h<nti. b^oWfrli>~>iz« f^t«ii6xi 
06 cm- 2 xh^tz. fzfrbm>vy7')vcr>m&&& 

tt. e v h 5 9 fr 6»Kfc«GHIfc&s|feX/CV . tt 
01(b) CD51HC6 O^cO^^Sr^-Tffi^XPfiT^ 

* . wtiOMmw&wsmvtt oe 7 mystic 

®t/£>. BFRKRMitv h4M>fr£ 1 0 Ojt/mJilhfcfc 



2X10 6 cm" 2 

1X106 cm- 2 

3X10 6 cm- 2 

9X10 5 cm" 2 

[0365] +r>y)VE<7>--o<7>£. o izm&xfm&m. 

m i ffiikLX^&t%&\Z. 77*7 hfr£&£t>y biz 
is l *T ^{i^^^fr* 3 * < ?T;bivf . KftfrW 
0, ffi^Ffifrt-y MBftrSEft*-*. £>*>;?>A,-e<9i§£- 

(st7b) . zwtzfrmzmttfzztix^wT 

[ 0 3 6 6 ] O * 0 ffifeftG a Ntefifcfls* 5 fc^** 
#X-$>&. i*t>lz\fy bJ££R£*3«*&ffittH*9gj£ 

a^x. mmxvmfkizMMunmm&tmMX'Z x $ . 
[036 7] [HSt0iJ3 (7^?<7)ti) ] a^-ffi ( i 

1 1 ) AsMZ^&GaAsmmzmgl&Timmb 

Kwrnz i>^frmfr#>&tz&bizmfiiizm%&mm<r>m 

'tf-y&#mt&. (Ill) As-GaAsSftC 
WmiZ. mZO. 1 5um(?)S i 3 N 4 »»*»Jjtt*: 
*><0 ( I ) , JJS 0 . 2^mOPt?lM^fi!cL^5t,<7) 
(J),JPS0. 2AtmcOW^M$r^L^i,^) 
(K).«S0. lumC7)Si0 2 mm : S:m^Ltzi><7) 
(L. M) SrfHRLfc. 

[0 3 68] uis^bzmtfiLy* bvvy^yj tl 

a^-^-vt±. s i n^h ( i ) , ptmm 

( J ) . w-^M ( K ) tov^Ti±. ^Jfi^J l Tifr^tt 
@»V-yA (06 (a) ) tU. M^-yA 
ti. — 34 0 0//mOEE^|?g<7)^D3gtfr^^rSi>t7) 
(OH^fc 5 0 mttfg^R^aSriaa L?ti> Wfc S . 
jEEAmcOSZ ( -y 1- ) 3r|6]#G a A s K«0< 1 - 

1 0 ^fid^TKS: Z>i.o ItZLtz. 

[0369] sio 2 mm&wiiz-owximEmww 

7~>LbZ.®ttfacr>^7—>M$:i¥WlLfz. n?-y 
L«, -ffl4 0 0/xmcOiE^r»<7>^OjEtfr^Si>0 

^)Hji(fc 5 0m mw&<?>FW<7M*WM Ltzmmmkn 

h<?)X'fo&. s*?—>Mlt^ 4 0 0jumX6 0 0wmc7) 
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\m 0 jE LE##0--2W>:frftia t G a A s M£<7)< 1 - 
1 0>#Wfc J FfTfc$r*J:-3fc:Lfc. '^-yMlii&O 

ig L&fimcyfmnijftftG a a s s^co< 1 - 1 o > 

[ o 3 7 o ] 4 a»^m$ xiam*fST« . s 
i 3 n 4 mm ( i ) imn.«. p. taw ( j ) si^is 
Ik w^nti^*^ s i o 2 mmmg&vh^fi:. 

J. K„ L. Mfc-T*. 

[037 1] -9">-T;W I ; S i 3 N 4 •*:?->" A 

-tf-^r/UJ ; Ptmmwsf-yAZmm&fcLtzGa 

AsSf 

-9->^;I/K ; wmmw<7~yAi:m.mmf&.Lfi:G a A 
sSS 

if yr;a ; S i 0 2 ffllKO-'^-^LSrlttJSBiRtfc 

(A*77?IO^ft; HVPEg) 
4 9 0°C 



NH 3 ftK 
HC 

mm 



0. 2 a tm 
2X10-3 atm (200Pa) 

6 0 n m 



GaAsif 

vyyjuu : s i o 2 aww^^-yMticsaBjftLfc 

G a A s 

[0372] -eeoSL cti^yr^s^jbtcHVPE 

HVPEj£iiHi£Wl . 2 ££(t&k<7)kl§lt 

h . -/PS£J50F<D±:fr(;G a h 0 

T^K^fciHti^br^&S . Ga«8 0 0°C£l 

*t=a«R3'*t&. 1W^**J:HC l^Gat;- 
Hc*C*ft*tGaC 1 StI^TS. GaC 1 #iQlLT 
^Oi£^t#A$^-l»NH3 (+*iit) kKfoLXG 
a N*<T# £#*;ta&*gfi!LtfcJf UGaNSi:^ 

[0373] mtizrt », y T m £ffl»T»< 



(20kPa) 



[0374] 



NH 3 fl-ffi 
HC 1#E 

JBUS 

[0375]f^l. 8mm(OGaNJJ^J«aLJt-9- 
1 2AM±co?t*:v h®^£>&l>b>y h£^i«rLT 

Mfcoaoftsk -at l-cb o , se t < abwh*:^ 

T'V^„ oiO06 (b) C^tio^T^ft. b 
•yf-(i*tJ4 0 0//mTfc-5T. tvHOgt^OO^ 

^Mi^e<Jl<o-9->'^Ai:^:<[^b-C& 

-> . o * o softM k f v h tybWM&em, lx ^ 

[0 3 7 6] MtCWtfcjfcl 2ftM<D7 

|b1«T*^>-d^. L^L-ec7)E?ij35J3H,^>-7VL'L(i:4 0 
0 tx m b" >y ^-OIE* Jgy >frt>%h HEJMIjcT) & O 
tSrofc, -9->-7*/HVI{i^3a4 0 0jLtm, JB36 00// 



■wWH<Oj£ft*fcffr ;HVPES) 
1030°C 

0. 25atm (25kPa) 
2. 5X10-2 a tm (2. 5kPa) 
1 3H#fg 
1 800/xm 



[0377] ^ryyjvux'MMi-nm^mz^-ox^-y 
h ■ b -y h mnfo (mM&mmmmm 
y) . z<r)&i£ikimm$m®Y<,z&^ximiznmL 

Srby h^4^%r«(clcJl$i"i.*:. L^L^tftfcfcV vC 
b >y b i: HliJiTttJE LT V xfc . 
[0 3 78] 7rb y hH*^^Sb-y h«7)JKO^K^ 
Mfcbft. -^V7VH . J, K. Mfcfetvcii, b 
•y hJStb y h(S£fB£7gj£-f £ 7 rt y hHJ: 0 *>:ft 

t/mzztiti. LfrLyyyjisj izmtxitv -v bmiz 

•^>T;H~M$rW#JJnlLit. -?4 0Si(7)GaAs 

[0379] ^^-o-f^/W K J. KcomWHt. MM 
2r (000 1 ) BS. i&*)CWb.-t&mBLTi>l>. 

smzw-mx'Mwx'hi. 

&mijEL<&A,X'^tz. 



*r>7>i> i ~k iz^xim 
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[0380] ^-mwyyMz&^x mmxpsm 

i±. mmxmm^wmm^hm.m±wm-th zti> 
[0381] fflmx?mism®H<?>ftMcr><mgki&%;{z 

gliv>ffit5xi06 cm- 2 OTT'fco^. J; OA 
-^yr;n : ixio 6 cm- 2 

y-yy-JUJ :4Xl0 6 cm-2 

-pyyjvK •. 2x10^ cm- 2 

^yr;UL : 2X10 6 cm- 2 
y-yyjUM :4X106cm-2 

[0 3 82] tv^i^tefi[ggtl)-9/;. -tf-j^w 
i, k s l. Miz&uxii. mmxmmirfmHcDtfM 
tis ^m^j 1 coy-yy>\sAt m tx&^tz. 7r* *y h 

[0 3 83] MI^CLMtotiSUt;^ 

&i t tft>i)^fz. mmxmm-^mmu^^ e x'$>^ 

t^0Z\ttfmmLtZ<DX'$>h. CLft, TEMtCiO 

[0384] -9-^^ JO«t d^-P^cT)^^^^ 
=5rS 3rfc¥uXfoh ZttfhZ. T'& < r^fite 1 
M (4M&A) TS>«»^-ec7)Jli90#^ H B H ffiii (Z. Y) 

6o#ss B B B ^h(±<o 0 0 1 >mco?>.-wct2>i}m%& 
[03 85] pt zmt Lfz-ryy>i>Ji,zt5^xi>. y 

[0386] ^-yy^Jizmmzmitz^^mmx 

#>i>titz. ztitfmzy-yyji'Jiz&^xii'yZ*) tm 
tut. &t&£kv>mmxmk&mmHiz. fsj&mtz % pj 



^£fttc3fc£?-.g> lzS.~otztztbXfo& t 
Mi<£H#-j24 0 0 ju m«>jEA&«fflLft<c< h i a tCE 
PHI&XPi&m-^^H** 4 00/imX600j« mCOg^ 

om^<mmz^h £otz2 bmmicm l/c . m 

liG a A s j£^CD< 1 1 - 2 0>U[H]t%:~>X^1Z. V 

yyji>L. m<7)£ o *mwizx ixmrnxfrnsmm 
h. ^ybcomw^m.^mizwm.-t^zti^x'^^. ie 

i±£ zti-etitzis^x m—iz-th z t wx'% h . *ryy 

^L. WX'te.. >^-y<r>Wm>$\ ti< 
1 l-2 0>tL^*>\ <1-1 0 0>i:LTt>SV^ 
[0387] (GaNm^Sfc-rS ; Ml 

3) ] 6aNf«A. GaN^^^fCGaNcT) 

ik<r>ffl®.=?X'h a . -e osati: micar 

mcT)jEH«^cO]l^<5OfiBt6^^^0|L LtzX ?)V 

yv~ y zrmLtz. mst&Hty *hvv7?7< 

L%^fr^MmiE^mm<r>tzWz^yz/>vtLX<7) 
x?)vy\s—vzm^z><7)X'$>h. 

[0 388] H^LTCiM}:W7r^^a 
me UISUc (HI 3 ( 1 > ) . f7r>ftl1g6 

1 ctj^BIc:^ H V P E ift 3/zmcT)GaNJltr 

l6 2^W:««§tfc (01 3(2)). f7r>( 
^IKl^G a NJi(?)_htiEH^^)ao^r|6]3&5G a N 
«<ll-2 0 >CTtTt^€. i 5 * 9)Vy\s— V * £ 
V>T-?-i0±*^GaNmfil-?^«4.*^Jt. fitmtZtt 

fiWAOji^GaNS^fc^-rs. ^^^71/- 
h tGa N®c7)±tffli; LT^mS^ 6 3 

3(3) lZ^-tVMT3b& a 

[0389] m^aG a NfflJ&iFt ^«S^G a N^¥4^ 
1^- h 2: t *> LG a Nfl±tiSc^i L?t 2SM 

cr>i>mftmLtz. -enm^t^N, ot-rs. 

tVT-M : Mb LXGaNJm^Sm^WlMLtzG 
a N Jio # -9-7 r W 

tvr^O : Mb UGaN^IJtSf^HLfcG 
aNfotit7r^it 

[0 3 9 0] diX^S«g±^. HVPESCioTGa 
NOJPV>«»AJI$«^. *<0^©iSttS« 1 , 2. 3 
X-m«.fz t *5 fc H t T* & . ±Srtc G a b &T*"(C 

S^gL. Ga^-hiiSOO-CiCjOf^L. HC 1 t*m 

^SrGa^-h^. rv^^.rhTk^^Sr-y'-irr^ 

GaC 1 £-£j£LT*>£>. T^^Tt KJiB 
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fflK*>±fcGaNJi£«StS-£S. 
[03 9 1 J (Xtf^^fr) 

Bit^ajg i o 5 o°c 

NH 3 #JE 0. 3atm(30kPa) 

HCl#ff 2. 5X1 0- 2 atm ( 2. 5kPa) 

f&m%m iob^o 
fc&mm ^14 0 0^01 

[0392] ZWJ&MizX^X. Kl4 0 0wm<7)Ga 

tmmmmtrLx^ti. wmm^mi 3(4) t^-r 

-y h^Ht^BEUMEHTfffctf-*. tf>y 

9IS5 0 0/imW7 h3&>^LT#^^.. t°yh 
HfcttJPilSIS 7 (Cffi)^l,. fvhJ£6 9^S^ 
"M>i:, 7r*>y hffi6 6 «fc 9 i^^3lV«>7T 
*7M (cWBBjg|Scn^#W) StLT^it^fc 

[ 0 3 9 3 ] JS6 9 fc3R< tf ^hPRHBKKfltem 
(H) 6 I&flffcft (K) 7 0(Cj;^-Ctt«J^ 

ilX\*t. 7t*v hM6 6 c?)iSTT'^ H a B ^K 7 0<9 

^Hn^^Afl&efiutmiwz (64) t**. vaa 
6 7 <nwTrfm£&im®.&wm < y ) 6 8 . o 

* 9 hJK6 9 -Kit^PSm-£ffi*£ ( H ) 65-16 
3 tfJtTfcifcii. 7rt7h66 ArfSIEffiEltiHI 
$Z. fc«fct/¥ii^6 7-m^ B B B ffilfefli^^ (Y) 6 

[0394] ^T^N. Oc7)^{iDaCiJ&^?>*^gf 

IR6 1 tm (ffl&T) 6 3*B!9*kLfc. S&CfHH 

[03951 11 3 (5) BKS 

$ A, KSIit^gP(2<0#iS B B B ®!R{a^iS Y^'BlrHCSix 
Ztit>m$.U, Oii. (000 1) ®o£ 9 

cm t -tt mmxh s . agg i^i^j-c* o wirti* 
-mzmmzfrz. zmrx-hz . c l^te m-c^s 

t&ikiSMiiLimm y zmmzmi-t s zbtfx-z&.m 
mxsm&mm osmje l < . (at i§i t ) Aig«a? 

0/zm-7 0/zm<0gJKTft-5/i. £*tfiHT**«ia 
[0396] KII^PSS^M^H^rtaJti^^S^XIffi 

<«*i£fcft^T«ffitt«iirr*. tSA&lfK (7 0) 



Igfi^iiMilO-tfyr^Tt 5 X 1 0 6 c m- 2 J^f 

IfyT/WN : lX106cm-2 
•*Tvy)VO : 2xl0 6 cm"2 

[0397] HJ6M4 XltX 7fr7U-blz£^X$m 
m^tSH^ffii: LX&z.&^ti)m^t>tlfz. Ga 

n^j^a^-? ( D" yyjvN ) *ct>GaN &m&$m 

[0 398] ^iT(±^^ia^^tCGaNg# 

t%K)o&. znxotcMisxhwzmmmizii^xTm 
[0399] immm 5 (Timw>-%i®M.t$zmk -r 

S ;014) ] S^i: LTCB2r«ffii:-r&-9-7r-f^ 
3HR7 1 SrMXLfe (014 (1) ) . ^T-f^«« 
7 1 c7)^Ml:^MOC VD^T'J¥$*«72x/mOGaN 
Xfcf«7 2 S^BftaSftSii* (014(2)). 
[0400] — a 4 0 0 jjimCOJE^.n^mcO^ifiG 
aN72«O<ll-20 XC^tC^rS i 3 IEH^£ 

<7)G a N® 7 2 tei£g 7 0 mi0P3^$:BBtt^ . 0 1 
4(3) t^TJ:3t^:S. GaNJ!72<DJbJ;',&T 

mmmmxh & psbk i 3 <d±x'<7)g a N&Mwm&r 
l a i. . ni&eaj 5 (id Oct 0 izTtmmmg.&zmi 3 

zw^mmz-ryytisp b-tz>.y->7>i<p mb lx 
mm. 

[0 40 1]^«iiP±t < HVPEatrioTGa 
3. 4T'^£*>c0i:|H!tT-£>S. ±^T(CGa#-h^ 

T*-(c-9--fer^ £ i>^Km i <?>*r*??<F>±.iz-*r*.7°9 

3«i£«BU Ga#-h{±8 0 0-CtLhtJOl!ftt. H 
C 1 t*5g;#x£Ga#-h'V ry^^Ti:*^X 
^•^--feT^^i:^^. GaC 1 £-£j£L-C#><c., 
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-TtW&Zit. fflK<0_Lfc:GaNJI£*IBt3-£4. 

[04 0 2] (itiMft) 
JfcRiSJg 1 0 3 0°C 
NH 3 5rff 0. 25atm(25kPa) 
HCl#ff 2. OX 1 0- 2 atm ( 2kPa) 
J&HI$|S 12B§P^ 
j££KJ* £ll500jtzm 

[04 0 3] Z<0&mz£-?X^ mi 5 00um<r>Ga 

um&mtf'&^titz. vyy^p&mmBwmi 4 

(4) O&fcOtC&^fc. i£+Z^«6CD7r-fe 

>y Mi7 6^&.?>b->y h K&JWIE L \, 

^EJlJLTfcDlg^OO^mOe-y h#*M£LT3P£ 
-fl>. t-yh^tiTiS^T? (Cffi) tfh&. t-yh 
&7 9£jSMf^£i:. 7 7*7«7 6J:Hiiffti7) 
av^'J<07 r-fe>y hM ( ciffiMn^U) £WL 

[04041179 izm< &4WmmXMMki!r%ffi 
(H) 7 5T*0s (K) 8 0tC<k-5TttflJ£> 

ftT^-g.. 77-fe7hffl76 <0lTtfe B B »K 8 0 » 

tmtfmiii'Bimimftmmzx'&z . via® 7 7 c^n 

TtfJM&ftffitefifcfcfBK ( Y ) 7 8T'£> & . o* 0 fcf y 
H£7 9 -Ht&tfift&ffifeft ( H ) 7 5 -mi 3#_LT 
Kitfc. 7 r -fe >y h 7 6 -mfe^iKK^|fif#«lS ( Z ) 
7 4 , 43 JtPFffiW 7 7 -mttAffilKffi&iltt ( Y ) 7 

[0405] ^yTivp^mmzw&ififohfrhmmto 

UGaNI72 m7 3Zmts&ft) t:ffll*)Mb L 

$ t>izmmzmnmx.vx t >y b 

KtU. 2^>^-ifi@^<7)^:§$c0GaNSm^# 

0i4 (5) tz^-tB^mmLz^-?. mmx?& 

izmn.t:miiL<7)^^ a im{s.^mmYi)mmizmtL^> . 
[0406] ci^^^n. mm* (oooi) 

KUBTIi-flltSHJt^ £ & £ "tfC* & . CWEM 

z. m*g H H a ffiiKfit*«^Y^B§[iit^i|^-| ) -i :5 f,i-e^ 

* . fflil^Pfi^M^HJSSMiJI t < . («i: 111 t ) T\ 
EWfM&KfclfiX/CVxfe. -e<7) (®8)Tffi) mmi^%5& 
X'h h . W^P(g^M«H <DffiSti;*:ft 5 0/xm?)l 
JgT'£> . 7th'JVy'77-f TTtlfe*^SMffl 7 3 

[0407] KM^Pfift^^Hc7)|*ia5(i:©^JgOXPlS 

<Wnh{Z$£r>X &mm$~$-& . MSSIfK (8 0) 



^ p com^^®te(iii#Mftgz . m&m&&&ffl&Y 
x'<7)^i%tf)%w&mmt ixio 6 cm-2 wt-c&o 

[04 08] Z<7>£ol,ZGaNmi:~&m£LtzTmm 

xmm^zt><?>x'^mmrt3m&*j:\^ 

G a Nliif 0 itmK)M&cr>tzfrt> G a N^ B B H ^^l6] 
[040 9] [HSfc$|6 (GaNH. y-^-^A ; M 

1 5 ) ]mw\6 iz^x-wmw>7/\szmffi l 

fz. —-oitmMMllz&^xm^lz'tf-yA («y^ 
->-P3^1tS5 0//m, R^gptTyf-4 0 0/xm) 
i-5tMUGaNl«tl)4 (121 5 ( 1 ) ) . Z\ 

tut. mzTimmtmzztix^&iinx. mmuaT. 
&mztimmi>2tixi5'9. xmtzx.*:* 
mmmx-z&£5mmmz-x^&i>(ox'h&. ztc 

[04 10] i>3— *)-y t J ^rmfatizs i o 2 

y r A ^m±lZM O C V D mz J: 0 J¥£ 2 m<0G a 
NXbj&H«£i£H\ X^Ii^Itff$ 0.1// 
mOSi0 2 iiMIU. 7=rhUV^7^-t= 
1 K)^?->mf8.£ft~>t:i>c0X'h&. M7n-feX{i 

^ffe^ji tut-r-^o. >»^->-A^fflv^-r^s. z\ti 
^yy-fi-RtX^ 

[04 11] Z\tl^yy")l-Qt^>TJUR^m^X . 
Q i: RO±tC|3imcG a Nxfcf 9* >~r/WjfclfrJf 
L/c (Hi 5(2) (3) ) . £*U;«:. Zti^X'^>m 

MMkmtHvpEmz&.Skmk vxmmLiz. risf 

lzmffi.Z-t -y b- Lstm, ^fA* UT^'X(iH 2 XfXt LT 
#iSL, 10 3 0°COlSia(CTGaNxh*^^^^^a 
Sr^^^jt. zn\z?*is*)um<r>f$.£&mz-o^Xli. 

mmteZHZ 3 0 mmfK"* . 
[04 12] (xtrj&n&#) 
^SiS^ 1030'C 
NH 3 M 0. 25atm (25kPa) 
HCl^ff 2X10-2 a tm(2kPa) 

8 0B#^ 
&§mm »10mm 

[0413] z<vm%:^ *rv7)i>Q. ^yytisRtitiz 

JP$ *U 0 m m^JKcO G a Ni&lHtfW 
■1>3vht£&. c\1xL><7>4y3-vVii*:ti?ixffm 

mcomm&mtttxf8.g:Lxuiz. i-%£>*>, 
7-yizmtx 2tt.7tmizjzmzt5uxm.m®wimL 
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BBWMi>t*- y«« Liza t fVfaamaKzKt ~> x 

^KZkX'hZ. 

[04 14] Sfefc." CM hXVR-f ^rfv 

mi 5 ( 3 ) t^-r. -eo&n. cm ^=/y htciswt 
«W8 5H*gi*»^-c«*u *»ftffii»fiatff«i« 

5 4 Z^#*g B B H &!&{&&fBi£ 5 8 Y<7)±fc{i^-r L fc— 
&U*v^4ilsafiBiEiSaMff«W8 4 Z 

ofc. 4>*>^A,. HStKI^£1BW8 5H*)ffiltiH:. 7 
[04 15] ^fl&ZjBRlM Vzf-y hlZX^jXMJL 

-fO0GaN^*i#^>iX5t <01 5 (4) ) . 

[04 16] ztizmmgn. ^<mD<^2—3m± 
maxfmtf& h ixtziiK lOBamo 6-7 mt & nx- 
hhtfihixz,. zixbamm.^ ma* ( o o o i ) 

IE t < 6 0*fi*tc:MX'-e*3 0 > %<rmm&FxMX'$> 
* o T <K(aWJKt4»*-r & . *§55r C <fc o T iifflig^ 

fitsggte. v^-mt 5 x i o 6 c m - 2 OTT*s> o „ m 
mm* GaNitt LT^ffl cii ? & t *>*c& -> *: . 

[04 17] 

LT^ff^3O0^S, 
[04 18] ( 1 ) 7r*7 hR^feSt?? h"t>5<i<7) 

(2) 7r-fe y hffi*^^r^e-yb4«3feOte{4S-^gpco 

( 3 ) yr-tyh mfrt>%& Vvh **^{5S-^aiO 

[04 19] ^Bflo^ratiot. teii^^L^ffl 

mxmfk&mmi <D®m.£iEmzfflm l . e^o^fc 



mftsgHHRttz mm£him{d.$m® y ) -mffi<K& 

"CJSUSAf**. InGaNtfWf^^-t< (L 

[0 1 ] *^J£&*«l#Bfl2 001-10230 7^I,Z& 
VvC«3KL;teafflifc:7T-fe-y tf -y h ZB&L 

mzte W7Ttvb UT^m^Aft^rA i; UWllz t -y 
h<0F*I[Sj& C«ItS^^7r*7 hffi&lzm # 
^•fr^^SiiV^^t^i^BJ-r^^OMmia. (a) 

•y hjg^g* ^» i t zvk-tmwm. ( b ) t y hjEt 

[02 ] *mmtfmm2 001-10230 miza 
^xmMLfcmmizy-r^-y h»^^st7 

l^mm L%&$> G a N ?T*-y him 

mzte W7rt7h ii¥-£)&l%fmjjft t i±mz e -y 

holers] ^ t^-rs or^i: t i> izmm*? r^-y 
vmmz^^htv^ h\z^-y hg&>%m.&izm*-t 

ZtudZt ZW.W-? h t:#><r> e -y f <0¥®I2. 
[03 ] ^m^*m^2 001-10230 7mz& 
V^T*UgL^®t=7r-fe-y h®^A>^-l>b°>y hZmfc 
Ltm L^r*^ G a N ^fe H H H B)t«$^S 7rt>y 
atCfc 7 T -fe >y h ttTOttfrjKfiftffl fc tiS'Jfc tf >y 
fcaft^f &^>"OS*4: i: t KIk&^7 r-fe >y 
hWH^f&V^^tl^ ^>(=: t-y M=0^m^(cm4' L 

BJ-n»fc^Ob>y h^Bffll. ( 1 ) {i^i: k ttctf 
•y bJSM!K{a*m^LT^l6}WWSlKem^^-r 

§ £ t zwtw-t mmm. ( 2 > (ifig*k 1 1, tt -y h 
x'h^mm-t^^co^Kmim^mtmxh ofcffi 

[04] »7rt7 h®*^^r^.fc"-y h$:^fi!cLiffi 
& L^rA^G a N J7r-t7b 
^T7rt7 hJi^W^^^ktiSOKt-y hc7)rt 

{z&&L tm t^mizm^mm^^coxmmmt/ 
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0. ( 1 ) tefc&t t klcbr-y h&*J&mm*LXM 

■tt&zt zmwi- & mwm. < 2 ) 1 1 i> iz e y 
[ a 5 ] Ttfis^<7)±tca5r iea if^ico a n & 7 

r fe y h J&RS -£T b* >•/ b JgtH^XPfim^-^H £ * 
Oil 9 CJIMSiflffi&^tflgisStZ fc ft* t . *<0J3 0 

r-fe -y hjfcn$-£T t->y hj£tcn*xiii*&MH 
<?>mizMiLt&&mtikwmmzi&foL. zomoiz 
m-%igkm£;{iL$m.®Y£mi2> xoiz l^jkb^jms 

[07 3 TWmi<?>±.l,zm$:mmLZ<7)±£GaN$:7 
r-fe -y hj&K§-t!:T e-y bJKtcMMXPiBm^IMH £>e 

comvizm&ik&miiiffifm&zzBtfLL. torn khz 

4tt£AffilE<fcfet»ttY&ikft* i 5 iz LT*SA«:J&ft§ 

ens] T&mm(v±iznz?;®mk&^?->'xmm. 
[093 TmMu^izm^mmmr^^^-^xmw. 
[0io] TtmwL<DMzmzzmtt%®L^?->xu 

[El 1] TiffiStgcDilcGaNxt/Ifcj&g;*-^ * 
<0±tC«$riea U G a N 2: y r -fe >y I- J&ft § itX bf v b 

[012] Timm<7)±.izw.mizn$:mw. t g a n £ 7 

JiwsAffiiRflBS^Yfciiyts i a (ctTttfl^jftss 
ca»a»£ Jiu&ftSfbir u ^Ait<7)^^J*t0. 

[01 33 -9-7T-f^i;'OM«S^c7)±(CGaNxh* 
JfSrJft^S-fr. ^itGaNift^-C&SS^IJBLG 
a N £ 7 r-fe -y b J&R£-£T t! y h j£(cn££HBJfc£ffl 

o« 0 £*tSAti%&&ffiJ$ Y £iftft& i d iz LX & A 



£j&H£-£fc&. ^7r4^S«fcGaNxb.°/l&l&* 

[014 3 t7 r t^r t'WMSK^iKG a NxK 

££>f7\ -ecO/tOi^GaNSr^rfe-y hfifc^-tfTbr 
■y KStM«(XPiSm^lSH£'e^ , 3t3#iS B H B ®!i£lii 
Hf#|gfe£Z SrffM L . *<7)m 0 Km^AffiiBft^MiS Y 
£l£tt&J:dKLTMA£j&fl$-t£*;fJL t7r^ft« 

[0153 ^fffiiemtmi w^-yAzm^xttfo 
LtiGaNmfcZTimmtLxmw wnwrnitr. 

-e<0±^G a Nxtr« 2: 7 r -fe -y h^§-iir. fflmXM 
JS B B B «!Rfi[^^Y. JMSiMBIE^ff««z^±fe:li 

mmgkmz{$:&m®Y x mig H B B ffi!EfiBi#^z 0 1-^> 

^^^^^ffV^GaN^SrX^-f^inXt. W 
SLT^t^G a NSfcf)iif>iiS ^ 

0. 

[«P^<0lttBB3 

H 

y JwsAiia&tt&fttt 

2 GaNfe B 8 

4 b->yN 

6 7rt7b 

7 ¥ffl® 

8 mm. 

9 ftftzm^m 



1 0 




1 1 




1 2 


GaNJSS 


14 


f-yh 


1 5 




1 7 




1 9 




2 1 




22 


GaNJSA 


23 




24 


fy> 


25 


fflM^Pd^^M^ <h) 


26 


7rt7 h 


27 




29 




30 


$g B B B ^ (K) 


5 1 


mm 


52 


G.aNISft 


53 


m 
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54 m&&im{mftm® (z) 

55 mmxmm^mm cm 

5 6 7r-£-yh 

5 7 Tilffi 

5 8 4%hf!^ffl$fttt<Y) 

5 9 tf-y MS (SU7rt-/M) 

6 0 ^h b b^(K> 

6i mm. 

6 2 G a NJaao 

63 S 

6 4 jgtSA<)%ffiMffiitt ( z ) 

6 5 tmxmkirfm (h) 

6 6 7T-b7h 

6 7 Tfflffi 

6 8 m^^fiK^®^ ( Y ) 

6 9 f -y hm (SV^r-b-y hflS) 

7 0 &M&&JHK) 



7 1 

7 2 G a NIobb 
7 3 

7 4 #^ B B B ffifefilSi#^ ( Z ) 

75 mmmmism® < h ) 

7 6 7r-t"/h 

7 7 ^Ffiffi 

7 8 #^SffiS£fib^<iJ« (Y) 

7 9 tf-y bm (i^7r-fe-y biB) 

8 0 ttA@*(K) 

8 4 JUS AffiHEfiat#«« ( Z ) 

8 5 BHi$tfl8Jfc£ffi« ( H ) 

8 6 7 r -fe -y h 

8 7 ^JBH 

8 8 4USJM£Kfil£H8t£(Y) 

8 9 tf-y hJK (SV^7rt7 hH) 

9 0 ( K ) 



[01] 

(a) 

,4 

8/"^ ^SMBMBmJM i **** ,7 




[02] 




[03] 




-SV 1 
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[H4 ] 



(1) (2) 




Z2S 




[06] 



(a) 



© © O Q Gd^f 
O O O O O |^tjum 

So o o o o 
o o o o 
o o o o o 



, s + — a 



(2) 



C3) 



^ 7 



(b) 



(i> 



(2) 




,Y 





-24 



N 

27 (0001 )BS 
J««P 
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[08] 



[H9] 




<1-lOO> 



<O0O1> 




[0103 



(a) 




©ffiffi®®0^ 



[01 2] 

KttflZ 



(D c 



<1-100> 



-20> 



<0001> 





55 55 58 
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4} j5^]iffc£ 6 
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CO [ 



61 



(2) 



C3) 



(4) 



51 



^1 



x: " : " : " :x:x,:,x:-::: - x orr : 




(5) 



H 



^68Y ^s^** 




65H 



5H 



SJ54Z 



(2) 



(3) 



61 



A 3 g ^ a £ 6 



61 




G*NJ*JR 



(6) 



GaN»fi 



[014] 



(1) 



7T 



(2) 



(3) 



(4) 



71 



GBNIfcTJi 



GaN/<5>— > 



7 77 76^ 




D-C^-72 
71 



(5) 



GaN*« 



(?4 7))03-165799 (P2003-1 6PJL8 



CD 



(2> 



(4) 



55H 




*1 O aK£S 

-9- Z/ ?JW% 



^90 

5H G a NlSArtfi 



84Z 



15H GeNjptf**jfcft 



55H 
54: 



4 



" "H : 
1 11 " UP xmi 
'".11 i-r-i s» mm 



1 " □ " ' 



(72>»3§# cf»*ffl fig^ 

^«*#fl-rum^t-Ts isi 

(72)^aj# &ffl Si 

^«*WrtJS^t-TS 111 ^-{±JrS 



F?— 4G077 AA02 AA03 AB01 BE15 DB05 
DB08 EA02 ED05 ED06 FG11 
FJ03 HA02 HA12 TA04 TB03 
TB05 TK01 TK04 TK06 TK11 

5F041 AA40 AA41 AA43 AA44 CA40 
CA64 CA65 CA77 

5F045 AA08 AB14 AC12 AC13 AD14 
AE17 AE19 CA11 CA12 DA61 

5F073 CA02 CB02 DA05 DA07 EA28 



